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Preface. 



?]T 18 perhaps of no great importance to the reader 
to know how the outline of the following 
norratiTe came into mj poasessioo. Perhaps 
the surgeon who ia spoken of in the introductory 
chapt«r placed it in my hands, and perhaps he did 
not ; but it was in any case lawftilly my own, to do with 
as I pleased ; and I therefore pnt it into book form for 
the benefit of my old friends, The Boys. In doing so, I 
found it necessary to add coneiderably to it, and so to 
modify it that, while relating what the Bot Enqihbebs 
said and did, I might from personal knowledge of the 

CI arts aseist the youngsters in their work. The 
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Tolnme, therefore, will be fomid to contaio aometliiug 
more than a record of B07 Engineering, while, at the 
same time, there is no work described ia it which a j>er- 
BBvering and indnetrioos lad might not accomplish. I 
therefore hope that not only will my yonng readers be- 
come interested in the tale of what was done by these 
yoangBters, bat themselves make trial of their skill ia 
the oonstractiott of similar works. 




Chapter I. 

INTRODUCTORY. 

QURING the time of my residence at the fillaga 

of Brampton, in the year 18 — , I became ao- 

quiiiuted with two brothers who were being 

educated at HontLugdou Grammar School, 

L about four miles distauL They were the sons of a le- 

l tired captain in tlie Royal Kavy, who, although by no 

I Jneans rich, bad KufBcieot means to live in comfort. Hia 

name was Addison, and the boys Heury and Arthur were 

better known as Harry and Tim, the latter Lame scarcely 

agreeing with that which his godfathers and godmotliera 

' had givea him when he submitted, under somewhat noisy 

protest, to the baptismal rite. For a long time I could not 

divine the origin of his assumed name, bat I subsequently 

discovered that it was derived from one Timothy Potter, 

an itinerant mender of pots, pans, aud umbrellas, with 

whom my yoaug triend held frequent commercial inter- 
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course as & vendor of divers articles needed in his traded 
It was old Tim who enppHed solder, and wire, and odds 
and ends of tin and brass wherewith Arthar and his 
elder brother practised various haudicrafts after their own 
fashion. For these and similar articles Henry seldom 
dealt personally with the tinker, not because he was too 
proud, but because hia colleague was a better hand at 
driving a bargain, and did not object to any amount of 
higgling, so that he obtained his object in the end. I'm 
afraid, however, that, after all, old Tim best young Tim 
sadly at these transactions, and made a very handsome 
profit, even when he declared that he was selling under 
cost price ; especially as I had reason to think that the 
old tinker sometimes obtained hia wares without paying 
for them at all. 

My acquaintance with these lads originated in profes- 
sional attendance rendered for a somewhat severe cut 
which Harry had inflicted on himself with a chisel in some 
carpentering operation. I found him not only a courage- 
ous boy who could bear pain without flinching, but aa 
extremely ingenious youngster at mechanical work, and 
(which is not always the case) one exceedingly anxious to 
acquire information both in the theory and practice of 
His younger brother shared this predilec- 
tion, and was in some respects the neatest hand of the two 
in actual work, though somewhat behind Harry in theoro- 
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AT SCHOOL. 3 

tical tnowledge. Being myBelf fond of mechanicH, and 
the posaesaor of a lathe and other simple requlBites, we 
naturally etruck up a frieudship ; and perhaps the loss of 
my own son, who was an only child, teuded to draw my 
afl'ectioDs towards two lads who were by no means 
unlike him in disposition and tastes, and of whom, 
moreover, the youngest was not very dissimilar in 
personal appearance, Both the boys subsequently rose 
to eminence in their profession, but the eldest died 
comparatively young, having specially intrusted to my 
care an autobiography of his school-days, which I shall 
now present in a modified form to my readers. 

" We had," says the writer, " an old wooden outhouse, ad- 
joining the school, which bad once served as a fowlhouse, 
bat the feathery tenants bad long since had notice to 
quit, and their home had not been tratis t'erred to new oc- 
cupants. Tim and I cast many a longing look at the old 
shed, for it was little else, and had fancied that it might 
be converted into a very tolerable workshop by a moderate 
outlay ol' hoarded pocket-money, if we could but persuadt 
our worthy schoolmaster to let us have it. For some time, 
however, we could not make up our minds to prefer the 
request, hut, contented ourselves with practising a little 
diplomacy, by keeping out of all mischief, and working 
j^pealously at our respective tasks. Haviug thus established 
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a good character, which we managed also to retain, i 
determiued on writiug a joint petition, and we further 
proposed to do this in choicest schoolboy Latin. Havicg 
obtained a sheet of foolscap, as looking more official and 
business-like than notepaper, we began, after much coa- 
sideratioB, as follows; — 

" ' Damiiie Reverende et Doctor pmstantisEime, — Noa 
tai alumni (vix adhuc scholares appellari digni) qnibuB 
naturft caccethee studioram atcinet, qusB ad maohinaa 
fabricandas pertinent.' 

" ' Oh, hang it,' said I, * we shall never get to the end 
of the letter, Jim. I don't think 'tis bad grammar 
exactly, bo far ; but I am in a hurry to come to the point, 
and for the life of me I can't find out the Latin for work- 
shop, or fowlhouse, or padlock. " GaliiutB domus," I 
suppose, would do for henhouse; but I vote we cbuck up 
Latin and try English; or, what is better than either, let 
us write home and ask father to come and see us, and 
then we can tell bim to ask the Doctor.' 

"And BO it was settled, and the ultimate result waa 
that we got the ebed made over to us, and an advance 
of pocket-money to repair it ; and henceforth we had a 
terrestrial paradise of our own under lock and key. 

" Luckily for us the other boys could not get near onr 
workshop without going into the Doctor's gardeu, which 
garden was tabooed, aa it contained a good assortment of 
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frnit-trees, whict would have been apt to shed tbeir 
duce into ^Ue pockets of tlie pupils instead of those 
owner, if a right of way had once been established. 
for us two, we were put on our houour, which boy 
rule observe a deal better than garden walls and 
and though we were uot unconscious of raids by outsiders, 
which at any rate tended to thin out the fruit, we our- 
selves had no part in these predatory excursions, nor did 
pre ever consent to receive any share of the plunder. 
' " Let me describe our workshop and ita contents before 
I pass on to tell of the various works executed therein. 

" Not, however, that all was possessed at once, far from 
it; and many a treat did we give up, in which the rest of 
the boys participated, in order to obtain some much-coveted 
tool or appliance to add to our stock-in-trade. The shed, 
now weather-tight and clean, was about twelve feet long 
and ten wide, and was of ample height, and comfortably 
thatched. At one end was a window formed of an old 
cncnmber-light, which we had picked up a bargain, and 
framed by laying it on its side, and securing it to a 
convenient beam which formed our window-sill. A 
similar window, formed of some neglected cottage case- 
ments placed side by side, and newly leaded, was fitted in 
one of the longer walls, and a padlocked door at the end 
gave access to the interior. We thought it would looa 
well to put a notice on this door of *N0 admittanob 



6 £0y ENGINEERS. 

EXCEPT ON BUSINESS,' to which was aobsequently added, to 
scare away passing tranipB, ' bewaee of the bdlldog,' 
an invisible mytliic animal, supposed by a pleasing fiction 
to be housed witbin. We tarred the whole of the out- 
side of our workshop, dignitatis et honoris causd. A 
roughly- made carpenter's bench occupied the space in 
front of the Bide wicidow, over which we fixed our rack for 
carpenter's tools, the squares and saws, and similar in- 
strnments Ij^iigjug on nails, and the planes being ranged 
on a shelf iibove. 

" In order to ensure tidiness and order, which we 
rightly believed of great importance, we agreed to fine each 
other for leaving tools oat of place, or unduly damaging 
them ; and these fines, dropped fairly and faithfully into 
a money-hox, were always expended upon new tools and 
materials, 

" The first time we opened this box, which we did once 
every six months, we found ourselves able to buy a grind- 
stone which happened to be for sale in the village, and 
bad long been vainly coveted. It was a good stonej but 
most decidedly of a very eccentric character, as it had been 
badly used, and had a piece broken off one side, if a cir- 
cular object has a side at any part of its circumference. 
However, we determined that our grindstone should at 
any rate not disgrace our workshop, and we therefore pro- 
ceeded to correct it 
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•'Kjocking ont the already loosened wedges wliiclikept 
the axle in place, we laid it upnti ita side on the floor, and 
drove also into the floor, tliroiigh the square hole in its 
centre, a peg of wood cut to fit it easily but closely, into 
the middle of which we inserted a bradawl, whicli was first 
nsBsed throngh the end of a lath. Having found, by 
Ptarning the lath round upon this bradawl as a centre, the 
utmost size to which the stone could be trimmed, we com- 
pleted our beam-compasses by inserting a nail at the re- 
quired distance, with which we easily marked a circle upon 
the upper part of the stone. We found we could atill 
save the greater part of it, and obtain a grindstone fifteen 
inches in diameter ; the face, moreover, was rather more 
than three inches wide, quite sufficient for grinding our 
plane-irons, or even our light hand-axe. We then got a 
mallet and chisel on loan, and with much patience and 
care we managed to chip off little by little all that was 
outside the marked circle, and thus reduced our stone to 
shape, ready for mounting." 

I may perhaps digress here to tell my young readers 
how the grindstones are cut from the quarries, as it is just 
one of those operations which the majority of those who 
buy and use these articles know nothing about. At the 
time of my young friends' purchase, in fact, I chanced to 
be staying at the Rev. Doctor's, and having the run of 
their workshop, I found them at work as above described. 



and gladly gave them the information which I now sat 
to the eyes of the readers. 

The stones ordinarily used by the carpenter are qnamc 
in Yorkshire, and are called by the generic name of grit- 
stones. There are, however, many other localities which 
produce them, notably Stafifordshire," which supplies a 
qnality, called Bilaton grit, of a harder and closer texture 
than those of Yorkshire. The cutting powers of all these 
depend upon the particles of silica contained in their sub- 
stance in niiion with the softer sandstone. The greater 
the proportion of silica, and the closer its particles, the 
harder and finer is the stone, so that a selection ia 
generally made by the workman to snit his epeoial 
requirements. The stone is got out in solid blocks, which 
are cut by chisels into cylinders of greater or less diameter, 
and of varying lengths. Around these at intervals deep 
grooves are cut, marking the several stones ultimately 
required, and into these are driven wedges of wood — 
generally willow, which bears a good deal of hammering, 
as boys used to cricket-bats onght to know. These are 
driven tightly into the grooves, and the whole is left 
exposed to the dews of night, which swell the wedges, and 
-the several sections are in this way split asunder without 
further treatment. The rough surfaces are, however, sub- 
sequently worked to a more accurate face with the mallet 
and chisel, by which the square hole to receive the iron 
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axle if alBo cut:, Tlie largest etones, Tnnde to revolve at a 
terrific speed, are used by tlie Sheffield cutlers for grind- 
ing large pit-saws and other tools, and also by stove aud 
grale mauufactarers and otherg for brightening their iron 
and steel work. When too small for this purpose, a bar 
of iron is held against them as they revolve, so as to cut 
a deep groove, and by means of wedges or chisels they are 
split into narrower or thinner sections, and handed over 
to the grinders of razors, scissors, and stoaHer articles. 

Oar young friends having to face up the stone which 
they had trimmed to a correct shape in the way already 
described, so as to give it a face snfficiently smooth for 
ose, I was able to give them a " wrinkle " which they 
were not likely to have discovered for themselves. I shallj 
however, state their difScultieB and experiments in the 
words of the manuscript from which I have already quoted 
largely. 

" It did not talce ns very long to beat the old and bent 
bandle, which from bad usage and exposure had become 
msty and out of form, and to correct its shape ready for 
aee, hut it toot ns a good deal of manreuvring to wedge 
it centrally in the square hole of the stone. After some 
time, however, we arranged it to onr satisfaction, oar 
carpenter's square assisting us very materially in getting 
it accurately fixed at right angles to the sides of the 
stone. 
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" Our workshop having an earthen floor, we moantod 
onr grindstone upon two posts driven into the gronnd, 

di'iving two staples to keep it in place — a very primitive 
method, which we subsequently altered to a better ; bnt it 
served our purpose for a loi]g time, as it had no dnnbt 
served that of many others previously. Driving two other 
posts as a support, we placed a liorae-made water-trongh 
underneath it, which we could easily remove; and we also 
arranged a support for the tools, and to enable as to turn 
up aud true the face of the stone. 

" For the latter purpose we begged an old file from a 
friendly blacksmith, selecting the hardest tool we could 
think of wherewith to attack our friend, who bad already 
proved to us that it was ' rale grit,' as the Yankees say, 
during onr preliminary operations upon its substance. 
Although, however, we worked very patiently at our task, 
the file seemed to get by far the worst of it ; aud although 
we turned it over and over as the edges in turn became 
blunted, we did not appear to make much progress in onr 
work. 

."Whilst, however, we were thus engaged, our kind 
friend the surgeon who attended the school, and who 
had been called upon on one occasion to dress a very 
severe cut of my brother's, paid us a visit. After watch- 
ing us a few minutes, he proposed to take a turn at the 
work himself, and rejecting the file, he picked up a bit 
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of small iron rod that lay near, and to our surprise 
began to cut the stone at a far quicker rate than we had 
done with the hard steel, and very soon reduced it to a 
true cylintier." 

TliiB is worth recording for the reader's benefit, as no 
good work can be done on an untrue grindstone ; and the 
moment it is found to approach such a condition, it muac 
be corrected or it will get rapidly worse. The reason for 
its untruth is sometimes that the stone is softer in one 
part tliau anotlier; but very often it is the result of 
allowing it to remain partly sunk in the water in the 
trough, which renders that part more easy of abrasion in 
use than that which has been kept dry. The weight of 
the cranked handle always causes the stone to stop in the 
same position, so that the same part is invariably exposed 
to this deterioration and is never completely dry. The 
water-trough should therefore always be so arranged that 
it can be either lowered or wholly removed when the 
stone is not in use ; a still better plan, perhaps, is to have 
a drip-can with a tap above it, and to allow the water 
that runs from it upon the stone into the trough below 
to escape from the latter at once into a bucket. Oar 
young friends learned all this in due time, bat would 
have saved themselves many an hour's work in truing up 
their grindstone, if they had been told this and other trade 
secrets at the commencement of their mechanical career. 
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The reason that soft iron will answer for the pnrposa 
named better than steel, is suj-imsed to be that it contnins 
less carlion, and does not heat so quickly during the 
operation. It is at any rate a proved fact, and the best 
tool to use 18 a bit of small rod to turn down the stone, 
followed by a bit of hoop iron to give the finishing toticli 
to the surface. The iron must be held firmly on a rest 
fitted for the purpose, pointing downwards, and the bar 
must be turned over and over as the upjier edge geta 
blanted. It is at best a somewhat tedious operation, bat 
absolutely necessary if the stone does not run truly; and 
the only way to lighten the task is never to allow of any 
irregularity, but to correct at once the slightest tendency 
to eccentricity. 

We soon found, says the narrative, the benefit of the 
hintd given us by oar good-natured friend, and hence- 
forward we always kept a rod of iron and a hit of hoop ou 
purpose for this work. Moreover, we learned to save tha 
face of the stone by traversing the tool to and fro acrosfi 
it when grinding it, especially if it were narrow or 
pointed. The gouges gave us moat trouble, but we 
eventually found it better to lay these across the stone, 
rolling them over and back again as the work proceeded, 
instead of holding them in the position of chisels and 
similar tools. Channels and grooves in the grindstono 
were, however, among the lifit of finable offences, 
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nntil we got well used to the work, onr money-box got J 
iherehy many an odd copper (idded to its treasinrea. 

Anotlier secret of tool-grinding was explained to ns on I 

% s Bulisequent visit of our friend, who found ua at work 

with the stone running from instead of towards U8. It 

' had appeared to ns in our ignorance that this must of 

' necessity be the right mode of grinding, because we 

fancied that if the stone were made to run as it were 

agaiust the edge of the tool, it would blunt instead of 

sharpening it. We had, however, always noticed that a 

wire edge or thin flexible filament of the steel formed when- 

eyer we used the grindstone, which we had to get rid of 

by drawing it across a bit of wood before we could 

produce a keen edge upon the oilstone; and sometimes 

this would also foim a second time upon the surface of the 

I latter, which then needed to he wiped and cleaned before 

we coqM go on with our sharpening. 

Our friend, however, told us that this wire edge was 

but the result of our mode of grinding, the stone tearing 

away the steel when it got very thin, whereas if we turned 

it towards the edge, the particles would be driven inwards 

towards the solid metal, and as it were compressed. This 

I we found to be really the case, and thus we made a step 

[ forward towards a workman-like mode of grinding oar 

r tools, and gradually learned the art of producing upon 

them a good and evenly-levelled edge. 
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It mnst not, however, be sniiposed that the 6uhseqaent 
operatioo of setting tliem on the oilstone was acquired 
withont a long series of faiUires; for at firsf we rather 
hluiiteii than sliarpened them, mid for any special work 
were only too glad to call in the aid of the village carpenter 




or his apprentice to put our planes aud chisels in working 
order. After long and careful practice, however^ 
Irinmphed oyer this difficulty, as we did over others of 
more serious charncter. 
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Our great ambition waa to possesH a latlie, which we 
ntendtid to stand under the window at the farthest end | 
of the workshop. There were not at that period the s 
ohancea that subsequently existed of obtaining articles of I 
this kind ; there were, indeed, a few firms in London 
ready and willing to supply them, but only at such a I 
price as there waa no chance of our being able to afford for I 
many a long year. No "English Mechanic" or "Bazaar" 
or other periodical existed whose columns might offer to ua 
a eecond-hand tool, and it became evident to us that we ' 
must contrive to make a lathe ourselves with such appli- I 
ances aa we could muater, and with the help of the black- 
smith or old Tim. 

The only advantage we had was the power of ii 
two lathes possessed by a cbairrnaker and by the carpenter. 
The former was what ia called a pole-lathe, a very simple 
affair, but in the hands of Bill Birch the owner capable 
of a great deal of good work. 

The rough sketch given in fig. i will sufficiently explain 
its conatruclion as arranged in our own workshop, for it waa 
this lathe which we ultimately decided to make, postponing 
to a future day the construction of a more Berviceahleone, 
after the pattern of Boh Chip's the carpenter. It will be 
Been that the bed of this lathe consisted of a pair of beams 
placed parallel to each other, and resting upon a frame 
at each end. We planed the upper surface of these as 
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well as we could, and the front of tbe foremost one f<H^s I 
appearance' wake, leaving the rest rough, Ab the pieces I 
were of beech, this was to ns boys a formidable undertak- 1 
ing. We quickly discovered that beech was far more 
ilifEcult to face up tbau deal, to which we had hitherto 
been accnatomed. Our loug or '"jack plane" sufficed to , 

take off the rnngher outside of the wood, but ihe grata 
did not run straight from end to end, but seemed to delight 
in curie and knots, which defied our efforts to reduce them 
to a smooth surface. 

But here again our medical friend came to the reacne 
and showed us bow to conquer the enemy. He pointed 
out to us that the mouth of our jack-plane being worn 
was too wide, and that the second iron, called the break- 
iron, which was fixed upon the cutting iron of the plane, 
was too far from the edge of tiie latter. To plane knotty 
wood, he explained to us that the moutli of a plane should be 
very narrow, the break-iron not more than one-aixCeerith of 
an inch from the level of the cutting edge, and the latter set 
very fine — !.«., only allowed to project a very minute de- 
tance beyond the sole. With a plane thus arranged very 
thin shavings are taken, which are fairly cut, and nut split 
off from the surface of the wood ; but it is also necessary 
to work the plane in all directions where the grain ia 
curly and uneven, bo as to cause it to cut them lengthwise 
1 of acrosS: After the sorface has been levelled 
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with Buch a plane, called a trying-plane, it ia oftea 
necessary to go over it again with a smoothing-piane, 
which ia a very short one, carefully sharpened and set, as 
it is easier to work this in various directions than it is to 
do so with a louger plane. The latter, however, instirea 
a more truly level surface. 

On or rather between the pieces forming the bed we 
placed a pair of poppits, of which a spare one is seen upon 
the floor, showing, more accurately thiin those above, the 
tenoned part, with the mortiae-hole by which they were 
secured in any desired position by wedges underneath the 
ted. Throcigh each of these was a pointed screw, turned 
np to form a winch-haudle by which to move it, aud 
advance or withdraw the. point. Between these was 
mounted the wood to be turned. ■ Throuo;h a hole about 
fbalf-way up the poppits a square iron rod passed, which 
m-as bent to form a hook, and upon these rested a long 
board of beech to support the tools during the operation 
of turning. The upper edge of this was level with the 
centre-points, and we could push in or draw out the hooks 
irding to the size of onr work. We afterwards found 
that this board troubled us by falling forward when in 
we bored a hole in each poppit with au auger 
above that through which the hooked irons passed, and 
.fitted in these a couple of bed-screws, which we got for 
.feorpence j and by screwing them to bear on the inside 
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of the board, we kept it firmly pressed againBt the booS 
and made it very steady. 

The next cousideratioc was the treadle and its fittings 
Thetreadleilself waaoiilyaboardan inch Ihick, under which, 
at the ])arl. resting on the floor, we fixed two short spikep to 
prevent it slipping about when in use. From the failheijt 
end a cord ascended, taking a turn round the work, and was 
fastened to the end of a strong aah pole, of which olc end 
was fixed to the beams overhead, and the other was Arranged 
to come over any part of the lathe. This we oacaged by 
putting a round pin through the pole about eighteen inches 
from its larger end, and driving this pin into a convenient 
beam, thus allowing the pole a horizontal motion on the 
pin. Then we nailed a stout bar just over the end of the 
pole, under which it wap free to move, but which held it 
down securely against the tendency to rise from the strain 
of the cord at the other end. This pole, therefore, formed 
a strong spring, which raised the treadle off the floor when 
the pressure of the foot was relaxed, but yielded to that 
pressure when the treadle was pressed downwards. Daring 
the latter motion the cord caused the work to rotate 
several times towards the workman, so that a tool held 
against it would cut it freely, but as the pole sprang 
upward again tliis motion was reversed, and during that 
time the tool had to be withdrawn slightly, so as to clear 
the work. 
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Many an hour had we watched the old chairmaker 
turuing at a lathe like this, and he certainly worked very 
fast, aiid with apparent ease; bat it mast be confessed 
lat for some time we could do very little, for the rough 
ieces of wood caased the tools to hop about upon the 
bar which formed the rest, and we couid not manage to 
odvaTice and withdraw it at exactly the proper moment, so 
that our work was done but slowly, and was at best very 
rough. 

Soon after we had finished this somewhat unique piece 
of machinery, our friend the surgeon paid us a visit, and 
gave us a very interesting account of the way in which 
turned work is managed by the natives of India, and also 
by the Africans and others, I give the account in his 
own words as nearly as I can recollect them. 

'* Soon after my arrival in India, where I was to act as 
an army surgeon, I had occasion for several turned articles ; 
for though I had practised carpentry, I had never tried 
my hand at the lathe, I wanted some legs to complete a 
Bmall table, and some rounds for a chair back ; a leg of 
;iny pocket camp-stool was also broken, and needed to be 
iplaced by a new one. At first I proposed to round my 
pieces as well as I could with a epokeshave, as I had 
no idea where to obtaiu turned ones ; but Captain Fellows, 
an old friend, seeing me thus employed, suggested seiidinj 
turner, who, he told me, would do all I wanted for a 
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Bura amouiiting in English money to fourpence. ' But, my 
dear fellow,' I replied, ' I have no lathe, and there is not 
one, I believe, in the place ; so that it is no use to send 
for the turner, even if such could be found amongst 
these woolly-headed black-skins.' ' Wait a hit,' he re()lie(l, 
' and you'll soon have latlie and workman too ; ' and 
addressing a few words in Hindostanee to one of hie 
native servants, the fellow snlaamed and hastened off. 

" Rieturniug in about twenty minutes, he was accom- 
panied by a native carrying a small adze in one hand, and 
a bag of matting in the other, containing all requisites, as 
I soon found, for his work. Taking a couple of long wooden 
tent-pegs, he bored a hole through each with a native 
drill in a few seconds, and drove into them a couple of 
pointed nails or spikes. He then with a mallet hammered 
them a short distance apart into the ground, placing them 
just so far asunder as the length of the table leg he ppo- 
poeed to turn. The pegs stuck out of the ground perhaps 
nine inches. These were the poppits, and the sulid 
ground, which was dry and hard, as it generally is in hot 
countries, was the lathe-hed. Two more tent-pegs were 
driven, and a straight-edged board nailed to them at the 
proper height to form the rest, aud the lathe was eo far 
complete, the whole having been arranged within ten or 
twelve minutes. I had seen a pole or chairmaker's lathe 
ainiilar to that which jou boys have now made, but I was 
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Borely puzzled how the spring pole could be fixed, as there 
were not only no worlisliop heaius overhead — thereof of the 
shop being the clear sky above — but no overhanging tree 
■to which a epring of noy kiud could be fixed. The 
inystery was presently solved. A strip of raw hide was 
the cold, which was passed round the work, and the ends 
giveu to two natives, who sat on the ground, one in front 
.and one behind the lathe. Each of these pulled alter- 
nately, and set the work in rapid rotation, singing a sort 
of momitonoua chant the while, which had the effect of 
keeping time. It was a regular case of ' Seesaw, 
Margeiy Daw ; ' and I was told that the natives will con- 
tinue this apparently back-aching work all day without 
complaint. As soon as the work had made a few revolu- 
tions, the pointed spikes were driven into the ends a 
^^ttle farther to render it more secure, and a little grease 
added to prevent nndae wear, and make the wood 
revolve easily. The turner then took up his tools, which 
were of a very rough description, and no English workman 
could have done better work, or done it more rapidly. In 
« few minutes the rough wood was shaped to its intended 
form, measured in length and size from time to time with 
..« bit of Indian grass, and finally polished with a hit of 
rCome kind of native rush or reed, like what is known to 
irners as Dutch rush. When several pieces were needed 
the same size and length, they were all roughed over 
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by the baud adze, or bassoolah, before any one of tbem 
was put in the lathe to be turned ; and nothing enrpriaed 
mc more as a uew-comer than tlie skill with wliich this 
heavy hut keen-edged tool was wielded by tbe native work- 
men. It appeared to me that they conld do any sort of 
work with it, heavy or light, from roughing out the stem 
of a pipe to trimming the timbers of a ship. All natives 
sit on the grnund upon or between their heels, io what 
to UB would he a most nn comfortable position, and they 
bold the work or the tools partly by raeaus of the great 
toe, which, never having been confined in hard lenther 
boots, is as pliable and useful as the 6ngers, If a native 
drops a tool, he will generally pick it up with his foot — an 
action peculiarly ridiculous and grotesque to unaccustomed 
spectators. I have even beard that a native tailor can 
bold his needle in one foot, and thread it with the other, 
and from what 1 have myself seen I am disposed to be- 
lieve tbe report. 

" In describing the formation of a native Indian latbe, 
I spoke of drilling the boles for the two pointed screws. 
The Indian and Eastern carpenters never use gimlets, as 
we do, but a home-made and very effective drill, with 
which they hore holes with great rapidity, and without 
any fear of splitting the wood, 

" The drill is made almost wholly of hard wood, and in 
two parts, of which tbe upper is held iu the hand, while 
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t!ie lower is made to rotate by means of a drill bow, 
similar iu principle to those used in England by watch- 
mukers and others. The bow is made of one of the 
iintive hard woods of » springy character. 1 saw one of 
these drills constructed on one occasion as follows : — 

"A bit of wood was selected about a foot long, which 
was turned in the lathe, smooth and rounded off at the 
end intended for the handle, but with a few grooves at 
or about the middle of its length, below which it was 
made cylindrical. This was sawn across to divide it into 
two pieces, of which the shortest was to form the hitudle, 
the rest the body of the drill-stock. At each end of the 
latter a hole was bored, one for holding the actual drill, 
the other for a spindle of very hard wood, which was 
driven firmly into it, and I believe secured by some native 
glue or ceraent. This pivot was like a large-headed pin, 
the head being made as round and smooth as a small 
marble, and the shank nicely rounded. This I did 
not see made, but I should say it was done in the latbis, 
as it was very nicely formed, and could hardly have been 
accomplished by hand alone. This part had to be fitted 
accurately into the head-piece or handle in which it was 
to work, and the cavity to receive it vas made as 
follows : — 

" First, a hole was drilled in the centre of the piece, tb" 
size of the neck of the hardwood spindle, and then the 
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half of tliifi hole was in each. The distance from the end 
of the Bpindle to the knot was then measured, and a 
cavity for the latter was made with a gonge — half in 
each [tiece — and these cavities were made as smooth as 
possihle, so tliin they resembled the two halves of a ballet 
mould. A hole was then drilled in one of these piecea 
to form an oil-hole sloping downwards into the cavity; 
after which the spindle was pnt in its place, and the 
two halves of the handle tied together with Indian grass, 
to see whether the work was sufficiently accurate. At 
first it appeared that the lower part had too much play, 
but ft tap on the end, by driving the spindle a little 
farther into the lower part, brought the ends of the two 
parts closely together, after which there was no audae 
freedom of motion, and the fit was perfect. 

" Before untying the graSs bands which kept the two 
halves of the handle together, two holes were drilled for 
rivets, which were of stout brass wire, and when these 
were in place and headed up, the ties were removed, and 
the drill-stock nearly completed. The hole at the 
bottom, however, to receive the drills, was ingeniously 
'bushed' with a bit of bone or ivory, into which a 
somewhat smaller hole was made, tapering to receive 
the end of the bits of wire out of which the drills 
were formed. These, in the present case, werp appareutly 



NATIVE DEXTERITY. 



Bmade of some umbrella ribs picked up in camp, as tliey 
■Trere of a small size ; and tlieae steel ribs sufficed wel! 
wenough for the purpose. They were merely broken off, 
Pliefited, and flattened ttpon a etone anvil, and then 
■■ground into the required shape by help of a bit of whet- 
■itoiie or native hone, upon which also the otlier end was 
tlilightly tapered to fit the hole in the drill-stock. Some of 
K tte larger drills are squared at the end like the " bits " of 
E'Onr own carpenterSj and then the hole in the stock ia first 
■.drilled and afterwards burnt out square with an old nail 
Kdr other implement. For the natives never find fault with 
■their tools," added our friend, "as small boys are wont to 
Kdo ; but they make good use of all sorts of odds and ends 
■ of iron and steel, from the rusty hoop of a barrel to the 
■itrokeiL blade of a knife. In fact, nothing in the way of 
■metal comes amiss to them, but their natural ingenuity 
■Und acquired dexterity of hand enable them to turn to 
practical use various broken articles which we ourselves 
would most probably consign to the dust-heap as abso- 
lutely worthless." 

Naturally euough, after hearing this account, we became 
ft&r more sanguine about our own lathe ; for, we argued, if 
(those nigger fellows can do good work with their rough- 
md-ready contrivances, we can do the same with ours, 
iwhich ia, at any rate, one degree better, because we don't 
fwant two people to work it besides the turner. Moreover, 



26 



BOy ENGINEERS. 



iiotliiiii; would now content lis bat an ludian drill-stock, 
which we determined to make for our own use, although 
we were, at the same time, perfectly well aware that, with 
the same principle of conatraction, mnch more efficient 
tools could be and were actually made and sold at the 
shops. Our kind instructor nevertheless encouraged and 
personally assisted us in the accomplishment of our task; 
because, he said, it would give us the opportunity not 
only of putting our lathe to some use, but also of 
exercising our patience and skill in the production of work 
which needed accuracy. We therefore tried cor best, and 
succeeded, but not until one or two failures had been in- 
curred, the first arising from our having sawn the stock 
across not quite at riglit angles to its length, so that the 
ends would not work accurately together. We had con- 
sequently to tarn another; and this time, by our friend's 
advice, we made a mark round it with the chisel while in 
the lathe as a guide for the saw, and another a little way 
on each side of the first, so that, if we should fail to cat 
exactly on the line at first trial, we could still saw off 
each piece again at the other marks, and thus stand 
another chance of success. 

Our first attempt, however, this time proved satisfactory, 
and me completed our drilling apparatus very much to 
oar satisfaction. We also found the tool an exceedingly 
useful one, and frequently preferred it to any other. For 
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j;lttiles in thin stuff, wliicli hitherto we had a|i!it at divera 
B with our ordinary gimlets, we alwaj's used our Indian 
drill-stock ; and we found tliat for hard wood, which it was 
k difficult task to bore with a gimlet at all, the drill was 
icily the tool required. We used it with a sixpenny 
►ow of lancewood, fitted with a bit of catgnt clock-line as 
I string ; for we found a hempen cord would not 
Vitand the work, as it quickly frayed and broke. 
I'The greatest difficulty we had to contend with 
\^ the manufacture of this drill-stock was the 
oindle and knob. We tried boxwood and ebony, 
iltid one or two other kinds, but all to no 
purpose, as they proved too brittle for our 
requirement, unleiis we made the 
epiudle much larger than was other- 
wise necessary. At last, however, we 
got hold of a bit of ironwood, and 
^tby dint of rasp and file — for we had 
^■no tool that would cut it — we even- 
^Ktaally succeeded in giving it the 
^B necessary bullet-headed shape. It 
^K Vas nevertheless a long job ; and even 
^V at last — although when in place it 
H seemed to work very well — the 

globular head was not, it ia to be confessed, of very 
accurate form. For its bed we got hold of an iron bit 
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called " a cherry," and made to fit a carpenter's brace. 
They can be had at the London tool-shops, and are nsed, 
in fact, to recess the cavities of bullet moulds, being made 
of hard steel, and channelled so as to have many cutting 
edges. 

Our friend liindly lent us a drawing of one of tbeee 
native drill-stocks, which, however, was lost with eome 
other mechanical slietches. 

The writer has had the good fortnne to find another 
recently engraved in the " English Mechanic," and by 
the editor's permission it is now copied into this little 
work. This will make its construction quite clear, with 
the help of the description already given. 




OUR WORK. 

i^^f] MUST now relate what we contrived to accom- 
plish with our imperfect appliances; and it may 
eDcourage other boys of mechanical tastes to 
state that some of our early work is still in 
existence after the wear and tear of ten or fifteen years, 
aod is almost as serviceable as ever. This, I have no 
hesitation in saying, would not have been the case had we 
yielded to the usual temptation to do such things care- 
lessly; but, from the commencement of our career, we 
determined to act in the spirit of the old proverb which 
tells us that " what is worth doing is worth doing well." 
Our first attempt at regular carpentry was a set of 
steps for oar own use in putting up sbelves, and other 
such jobs as needed longer legs than we were possessed o£ 
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They were not required to be very high, and we had in oni 
possession a boani or two of deal an inch thick and nine 
inches wide, that appeared well suited to our need. 

We found, on measuring these, that we could make the 
side pieces five feet long, which we fancied would resalt 
in a set of steps four feet high when placed in the usual 
sloping position for use. Ab this was a first nttenipt, 
we did not propose to make them with a hinged frame at 
the back to shut up, but with fixed supports, especially as 
we could then contrive to put braces to stiffen the whole if 
there should seem to be any grogginess in their condition. 

The first point was to see to the state of our piunes. 
The jack-plane, having been used upon the lathe-bed to 
take off the rough outside of the beech bearers, was 
evidently in a very blunt condition, though not damaged 
by notches, and we had to try our hand at grinding and 
setting it This, I think, rather pleased us than otherwise, 
as it would pnt our new grindstone to the test. After 
what our friend had told us about wire-edges, we did not 
fall into the error of turning the stone away from the 
work, but we had some difficulty in holding the plane-* 
iron steadily, and preventing it from an occasional dig in, 
thereby cutting into the stone, and damaging its edge 
instead of improving it. Being the eldest, I asserted my 
privilege to be head-carpenter, and Tim, as carpenter's 
apprentice, had the task of working at the handle. I 
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Bbonld not like to say how often he had to change hands, 
nsr how iiDduly his labours were extended owing to my 
cwu inefSciency. First I found that I was grinding the 
tool more at one corner than the other; then the bevel 
was rounded instead of being quite flat, as I knew it 
should bej but at last mrttterH appeared more satisfactory. 
Trying it with our carpenter's square, we found the 
edge fairly at right angles to the sides of the iron, and 
the bevel tolerably flat and even ; and glad enough waa 
poor Tim to let go the handle and give his arms a rest. 

Then I set about tbe difScult task of fiuishing the cut- 
ting edge upon the oil-stone. We had bought one of these 
out of the stock of a bankrupt carpenter, arguing in our 
minds that we were far more certain in thia way to get the 
genuine article than if we went to a tool-sliop j and no 
douht we were perfectly right in our supposition. It 
turned out eventually that we had thus secured not only a 
real Turkey stone, but one of good cutting powers, and even 
hardness — qualities of great value and importance, in which, 
however, many of the Turkey stones fail. Had our boy- 
hood been of later date, we should have found other and 
cheaper stones in the market, especially Washita oil-stone, 
which is excellent for carpenter's tools, and Arkansas, also 
from America, some of which is very fine and hard; but 
in our day the ones most readily obtainable were Turkey 
and Cliorley Forest oil-stones, both, however, very service- 
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able, aud fit for our purpose. It was with k good deal of 
anxiety that I set about the job ia baud, which indeed 
looks easy, but requires a good deal of kniick aud some 
practice for its proper performance. However, I set to 
work, and diligently rubbed the iron a few times up aud 
down the stone, as I had seen Bob Cbipa do with so 
satisfactory a result. I then stopped to look at the edge, 
Tim also being at my elbow to assist in criticising the 
■work. Feeling the edge, we both agreed that it waa 
tolerably smooth and sharp, but somehow it did not look 
exactly right. We had, in fact, rounded off the first- 
made bevel, instead of making a fresh one on the oil-stone, 
which gave it what Tim called a doubtful look, as if 
we did not precisely know at what angle we wished to 
grind it. 

We, nevertheless, determined to use it in its present 
state, lest we should make bad worse in further attempts 
to improve it. We accordingly put it back into its stock, 
and set it, after one or two trials, at the right distance 
below the sole. Although it proved fairly satisfactory iu 
cutting powers, we were, very warm, and weary too, before 
we had finished the broad surfaces of our two boards, and, 
in addition, we had not exactly satisfied our expectations 
as to the squareness of the edges to the faces. We had 
not, as we afterwards learned, gone about the process in 
the right way ; and as other boys may some time or other 
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read of our difficulties and failures, I will here add the 
proper order of carrying out this work, and squaring up 
Buch boards or pieces of wood. 

The first process is to level ooe of the broad I 
faces. The eye alone will not be a BofBcieut guide ' 
in testing the correctness of the plaued surface, which 
must he tried by the edge of a square, or by a 
straight-edge such as the edge of a carpenter's rule. 
But it is much more satisfactory, and often ahsolutelj 
necessary, to have two strips of wood, very truly planed 
upon their edges, which can be stood upon the board at i 
opposite ends. If the board is " out of winding," t.&, 
has not a twisted surface, the tops of these straight- 
edges will coincide, if the eye is brought to a level with 
them; but if it is otherwise, they will of course not agree. 
The board must be tested in this way as the process of 
planing it proceeds, moving the straight-edges to various 
parts of it, and noticing what ])articuiar places require to 
be lowered to reduce ihe whole surface to a uniform 
level. Then must be planed one of the edges; and this 
is where we made the mistake, as we planed first of all 
the two opposite sides of the board. This first edge 
must he tried with the square at all points, and, if very 
narrow, it will prove rather a severe test of a young 
workman's skill. Even in the case of a board an | 
inch thick, such as that upon which we were operating, 
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mucli care will be required, aud probably some time will 
expended before it becomes accurately Rquare to tlie 
Then from this tlie third side must be worked, and lastly, 
tlie second edge, always testing from the last finished sur- 
face. This lesson, however, we had uot at the time learnt, 
aud the consequence was, we worked in a hap~ljazard 
way, and onr pieces were not very accurately plaued. 
We did not recognise this until we came to fit the steps, 
when we were somewhat astonished to discover that they 
required to be forced into place in one part, while in 
another they fitted too loosely, although we had taken 
great care to cut them all accurately to the same length. 
The sides were, iu fact, " winding," and, consequently, 
were not parallel to each other at all points, aud the 
tendency of the steps was to take up a position like those 
of a winding staircase. To correct this we had to sac- 
rifice closeness of fit between some of the pieces, and to 
cut others out of square, and this rendered our steps so 
rickety, that we were obliged to add braces to keep 
tbem together, much to our disappointment ; for, so far 
as our knowledge weut at the time, we bad taken much 
pains with our work. 

After planing the side pieces, as stated, to what we 
at the time believed true surfaces, we set off the different 
distances for the steps. This necessarily puzzled us con- 
siderably, as we could not think how to mark the places 
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^V for the ends of tbe steps, so that when the sides were 
^B placed in a slanting position in use, they would be 
" horizontal. Moreover, we saw that the ends of the side 
pieces must be so cut as to be parallel with tbe steps. 
At Tim's suggestion, however, we set up one of these 
edgewise, leaniug it against the wall at about the required 
slope, and then, while it was iu this position, drew by 
baud a line across it from the top corner, which touched 
the wall as nearly horizontal as we could, and then layiog 
the huard agaiu upon the bench, we made this line true 

»,^y ruling it. We then took this as our slarting-point, 
and from each end measured equal distances to represent 
the top of each step, finishing by a similar line to show 
ns where to cut off the bottom piece, so that tlie steps 

» would have a firm hearing upon the ground. We then 
eawed it off correctly at each end, and used it as a gaage 
"by which to mark the other side piece. Now we found 
that if we set our five-feet plank with its edge against 
tbe wall at the height of four feet from the groumJ, as 
ve intended it to be when finished, we were working 
out that well-known mathematical fact, that the square 
of tbe base of a right-angled triangle equals the sum 
of the squares of the two sides which contained the right 
angle ; for when we measured tbe distance from the wall 
to the lower corner of our board, we found it to be 
exactly three feet. The square of five feet we knew to 
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be twenty-five, whicli was just equal to the square of 
four feet, or eixteeii added to the square of three feet or 
uine, equalling tweuty-five. The base of the triangle waa 
of course the ianer edge of the plauk which touched the 
wnll aud the floor, and was practically only a straiglit 
line. After cutting away the triangular pieces at each 
end, which reduced the hoard to what we knew waa 
called a rhomboid, we found that we had about four feet 
five inches to divide equally for the steps. We called it 
in the rough four feet six, aud agreed to put five eteps, 
the upper surfaces of which ehoald be nine inches apart ; 
then there would be the top step of all, nailed to lap 
over somewhat, and the lowest division — i.e., the space 
from the last step to the floor — would take up the odd 
inches, namely, eight, making up the fifty-three which we 
had altogether at our disposal. 

In order to make the above description quite clear, an 
outline sketch is appended, represeuting what has been 
Btated above. A is the board leaning against the wall; 
its upper corner, D, resting at four feet from the floor ; and 
its bottom corner, E, resting upon the floor at a distance 
of three feet from the wall. The triangular bit E, which 
had to he cut off, lowered the whole six inches, bo 
that when completed, the steps were just three feet six 
inches, just six inches shorter than we had proposed, bat 
ve could not foresee this as a regular carpenter would 
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have done, and practically it was not of macb import- 
Having Bet off OD each edge the positioii of the upper 
Borface of the steps, and rnled lines from one mark to the 
other, we made similar lines an inch helow each, to mark 
the thickness of the several steps, and we inteaded then, 
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with a tenon saw, to cut a little way into these marks, 
and with a narrow chisel to remove the intervening wood, 
ijo as to let the steps into the sides, as we had seen them in 
a set made by the carpenter. But we did not want this 
to show upon the front edge, and we therefore, with our 
square placed as in the figure, set off the end of each 
groove, which thus ended slightly within the edge of the 
side pieces, I think a glance at the sketch will render 
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all this perfectly clear, and iudeed it is all simple enough, 
but takes a good many words to describe it accurately. A 
perspective view of the £Dished article is also added, id 
order to show the back and sides. 

We made a frame like H of strips two ioches wide and 
three-qnarters thick, fitted with tenoned and morticed joints; 
and here, being forewarned by experience, we were addi- 
tionally careful to plane up the pieces truly, so that the frame 
should be flat and not twisted. We left one side higner 
than the other to form a stay or handle to steady the climber 
wheuusingit. Having glued and pinned this frame together, 
we then braced it across with two half-inch strips, nailed on, 
and notched into each other where they crossed. When 
finished, we attached it by side strips, KL, to the strips 
on each side with screws, the heads of which we let in by 
B countersink. 

Thus our set of steps was finished, and when we had 
painted them atone colour, and also painted our name 
in black letters, carefully ruled, which we traced first 
of all from letters on some handbills, our performance 
was by no means discreditable to young apprentices like 
ourselves. True, there was a little ]iutty here and there 
to fill up open places in some of the joints, and the steps 
reqniied at last a little secret adjustment before they 
would stand quite steady ; but the paint concealed the 
first, and as to the last, we had little to complain of after 
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finally adjnsting the length of the legs; ao that this set of 
home-made steps proved extremely useful, and, to our 
pride and satisfaction, were actually borrowed on several 
opuasions by the inmates of the schoolhouse. Dven the 
head-master used them sometimes to reach a book from 
bis top shelves, and ultimately gave us an order, to our 
great delight, for a similar set, for which, I now think, he 
paid U9 about double their real value. 

We had not as yet done much with onr lathe, on 
which, nevertheless, our ambition chiefly centred. We 
therefore agreed to set bravely to work to conquer onoe 
for all the difflcuities we had liitherto met with in its use. 
I doubt, however, whether we should have done this for a 
very long time, if we liad not succeeded in bribing Bill 
Birch to give us a few lessons. Kothing, however, 
would induce him to try our own lathe, or hardly to look 
ht it. " He knew," he said, without examining it, "that 
it would not answer for real work ; but if we could get the 
Doctor to allow us to come to him the first half-holiday, 
and would give him half-a-crown to pay for his time and 
trouble, he would show us how to go to work in the right 
way." 

Although our pockets were not very well lined, we 
agreed to these rather hard terms, and as a lucky birth- 
day had given us a tip from home, which had not yet 
gone the way of tips in general, we obtained leave from 
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thii Doctor on the ensuing Saturdity, and presented oup- 
Eelves at Bill's workshop, money in hand. 

" Well, young gents," said Bill, " I am just going to 
do a bit of turning, and you can stand by and look on, 
but don't you be talking unless I epeak to yon, 'cause 
that only bothers me and don't help you. But old Bill 
Bii'ch can turn, mind yon. Why, lads, before I were yoar 
age, I could turn all the parts of a chair, and pat it 
together too; but then d'ye see, Bill had a feyther, and 
he had a stick, and that stick were a good deal used 
instead of words iu teaching me my trade. 'Twas — 
'Holloa, Bill, here's a notch in my chisel I' ' Hulloa, Bill, 
here's a good chair leg spoilt!' and then down came the 
stick pretty sharp. So I soon learned to do my work as 
it ought to be done, and when feyther grew old and 
rbenmatic, he would hobble into the shop and look on, 
and say, ' Bill Birch, lad, yon're a 'turner, and a rare 
good 'un too; and lookee here, lad, 'twas thy feyther 
taught 'ee, and he's proud of 'ee. Bill, he is, for there's 
Dot a man this side of Lnnuuti as can beat 'ee now.' 
young gemmen, yoa be come to the right shop to 
larn, only ye'U never turn like old Bill, bo ye needn't 
expect it. There's plenty of talk in theee here days, and 
no taching. Why, I never had but one prentice, and be 
ran away — he did." 

We had heard of this prentice of Bill's before, and. 
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tnowing, as we did, that tlie aah stick had been considered 
in his case ulso the only able instructor, we rather 
applauded the lad, who, to avoid a too freqtient application 
of it, had " made tracks " out of the village, and was now, 
under a new master, already a very fair hand at the lathe. 
This lafter fact, however, old Bill persistently ignored, 
and if we asked him (as ve often did), where his old 
apprentice was now, ail he would say was, " Ah 1 ^c's no 
good J he should ha' stayed with old Bill, but be run away 
— he did ; ^e's no good." We fancied old Bill would have 
preferred teaching ua lads in his own way too, for he was 
a grumpy old chap, but the half-crowns and sundry words . 
of flattery and praise of his skill kept him in tolerably 
good humour. 

We soon found, however, that the old man became so 
busied in his task, that he actually forgot our presence 
altogether after a few minutes, and was only recalled to 
a sense of our proximity by a sneeze from Tim, who was 
nearest to his elbow, and who was consequently imbibing 
a certain amount of fine dust from a bit of worm-eaten 
beech which was being converted into the rail of a chair 
or stool. 

Being thus made conscious of the fact that two 
lads awaited his instructions, old Bill tossed down the 
now finished rail, settled his spectacles, took a pinch 
of sQoff, and then selected a bit of wood, which was 
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to be submitted to our tender mercies ander his 
directions. 

"Now, look' ye here, young gemmen," said he. 
" You've got to make this rail like the one I've joat 
finislied, and ye can't do it," he added, as I suppose, by 
way of encouragement I "Now, first of all, as ye're 
young hands, ye'd better take a gimlet, and bore a hole 
at each end for the lathe-points, 'cause ye'II be sure to 
make the tools catch in; and then, if the centres aren't 
pretty deep, out comes the bit of wood, and maybe ye 
get-3 a rap in the face at the same time. Why, lads, I've 
seen a lathe with a strong ash pole overhead fling a bit 
of wood right across the sliop and through ibe window j 
ay I and I seed one chap knocked over, with his eye 
bunged up for a week after. So, as I said, ye'd better 
bore a hole at each end like this. And now ye see, 
nothing's easier than to put it in the lathe, and screw up 
the points pretty tight; only, ye see, I jnst take a turn 
of the cord round it first; and this cord, mind, is a bit of 
raw horse's hide, nothing hut raw hide properly dressed, 
as old Bill knows how, will stand the work. And, 
mind," he continued, " that you give the turn in the 
right direction, so that when you press down the treadle, 
the work shall run towards you, because then you'll get 
into the way of putting the tool forward into cut at 
the very same moment that you press down your foot. 
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l.-ACter a bit ye won't need to think about it, but it'll 
lall come na iial'ral as spiders catch flies; and tliere's ft 
■ pretty luauy spiders up and about tliis liere shop, and I 
■.tzpects tbey knows old Bill won't hurt 'em, and miiybo 
I.Uey like tlie sound of the lathe too, but that's neither 
Kliere nor there, only there's hundreds of 'em under the 
^;old thatcli up there." 

Ail this time the old mau kept running the wood 

backwards and forwards while lightly grasped in hU 

right hand, and was evidently relapsing into a state of 

forgetfulneas about the proposed lesson. I therefore 

Teatured to remark upon the accuracy with which the 

wood was centred, and also to suggest that I supposed 

he always began work with a gouge. " There, therel 

I told ye not to talk," was the answer. " Gouge, of 

course, before chisel; but blesa ye, lad, ye won't watit 

no chisel yet a bit. Here," lie added, to my great joy, 

•'you catch hold of this here gouge, and let's see what ye 

f oan do." TuUiijg up the tool at his bidding, and at the 

Iflame time putting my foot on the treadle, I was Just 

l^ing to begin, but in a nervous sort of way, when Bill 

jTOared out, " Not so, lad — not so, that won't do. Grip 

■file tool by the handle in the right hand, and seize it 

fith the left close to the rest, and hold on like grim 

leath. And don't hold it so level " (horizontally), 

^ bat slope the point npwarda. Don't ye see, if you hold 
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it level, all the rough parts of the wood, as they come 
against the edge, only hammer it, and, sooner or later, 
knock out a very [iretly lot of notches, 'cause, ye see, 'tia 
bat thin stuff at hcst, aud good steel is very hriftle. 
Rat if Tou hold it pointing upwards, the edge will cnt the 
chips clean off, as it ought to do." We both saw at once 
that old Bill was right, and that, like most beginners, 
we had held the gouge so that it could only scrape, and 
we now perceived how it bad liappeued that we notched 
and blunted our own tools so frequently. 

With a pole-lathe, we found it impossible to run the 
tool along the rest aa the work revolved, although we 
managed this at a later period. For the present, we had 
to be content with reducing it by a series of separate 
grooves to the required size, running these into one 
another, however, aa well as we could afterwards. For 
final smoothing, we had to let Bill himself go over 
it with a chisel, for our attempts to use this tool were 
decided failures. First one point caught in, and then 
the other ; and we could (as Bill had forewarned us) do 
nothing with it. Still an hour's steady perseverance was 
not without its effect, and so well pleased was old Bill 
with our determined and zealous attempts to get over onr 
difficulties, that before we left, he condescended not only 
again to put the tnrning chisel into our hands, hut to 
give UB the following accurate instructions for using it. 
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"You see, lads, the chisel is not like old Bob Chips' 
the carpenter's, but is ground off sloping, so that it baa ' 
one verj' shnrp point and one blunt j and Chips's is only J 
ground from one aide, while this ia ground on both, so j 
fiat the edge is in the middle of the tool. And, you 
Bee," he contiuiied, "we grind very long flats or bevek, 
and gets 'em as true and level as we can ; and then, just 
a rub on the stone on loth sides, and the tool is ready. 
Then," he continued, " we lays the tool so as to rest 
almost flat against the bit of wood, but at the same time 
keeping the upper point quite clear of it. This, ye see, ia 
the secret. The lower point — and ye may put either the 
sharp or the blunt one below — can't catch in, but if ye 
only let the upper one touch the wood, in it goes as sure 
as them spiders eats fliea, and then ye ploughs as pretty 
a furrow aa old Tom Wnrzel ever made in hia life, and 
yonr work tB spoilt right oflT, and most likely the point" 
(or pint, as he called it) " of the chisel is left sticking fast 
in the wood, and then there's a pretty long job at the 
grindstone." 

We had now to bid farewell to onr instructor, but we 
tad really gained a good deal of instruction, which we 
could at onr leisure pot in practice at our own workshop. 
Indeed, we found that, after clearly understanding the 
principles of the art, and the mode of using the two moat 
important toole, we bad to encounter comparatively few . 
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diffifiulties, and ttiese were dne simply to onr present 
lack of manual dexterify, which furtlier pnictice supplied. 
As to onr own lathe, we fonnd, in spite of old BlU'e 
contempt, that it was practically almost as good a tool as 
Ills own. We had made it very finn by driving the 
upright timbers into the solid ground, and nailing the 
others to the beams of our workshop. We fouud, indeed, 
that tliese timbers of the old shed were of great valne to 
ua in fixing our bench and shelves and a tail vice, which 
we picked up at an old iron store, and similar workshop 
necessaries; and althoagh we both lived to occupy pre- 
mises of far handsomer and more pretentious appear- 
ance, we never fouud any workshop more fit for the pur- 
poses of the carpenter and turner tljan tiiat dear old abed 
at Brampton. A photograph of it, both of its exterior 
and interior, with our primitive lathe aud apparatus, 
hangs now in oar study. 

From first to last the chisel gave us the most trouble; 
for although, after some practice, we avoided lowering 
the upper point so as to allow it to catch in, we could not 
succeed in giving a perfectly level surface to the work. 
On the whole, we found it easier to work with tha 
sharpest angle below; but old Bill never seemed to care 
much which was uppermost. He would lay the tool flat 
upon the work, aud run it along with one hand, and use 
it with equal facility from right to left or the contrary 
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way. We, liowever, fouod that it was more difficult to 
use it nuiiiiiig from left to right, and only persevering 
determiiiation to succeed gave us the victory at last. 

When, however, in after years, we were enabled to 
discard the pole-lathe in favour of a better, wo foiiud 
nmple cauae to rejoice that this inefficient machine had 
given us our first leasons in the art, for \l had afforded ua 
n greut deal more practice of the right kind than iisnally 
falls ti) the lot of amattura. The gouge and chisel are 
par excellence the tools of the wood-turner, but their use 
IB generally considerably neglected by those who can afford 
expensive lathes fitted with a slide-rest. This article ia 
made to serve instead of skilful handling of the more 
ordinary tools, and the gouge proper, with its ally the 
ciiisel, only appear in the form of short hits of steel 
fitted into a holder, and run to and fro by means of the 
fllide-rest screw — an operation which demands no skill on 
the part of the turner, but which renders the surface of 
the work absolutely true. 

Lads who are fond of mechanical work should mako 
op their minds not to resort to these by ewnye of the 
turner's art, but learn to do all that is possible with 
eimple tools, and only fall back upon these mechanical 
aids under the pressure of necessity. 

After we had attained what at any rate appeared to 
onrGelves a fair amount of skill in turning such small 
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pieces as are used by tlie cliair-malters, that is to say, chair 
rails, legs of tables, tool handles, and such-like articles of 
comparatively small diameter, our ambition centred 00 a 
bread platter. We bad not before attempted anything of 
the kind, and we did not see bow it would be poaeible to 
arrauge the cord, even if we began by sawing out a piece 
of board, and roanding it off before putting it in the lathe. 
We rather doubted, in fact, whether ou' friend Bill could 
manage an article of this kind ; but on passiug his wiudow 
one day, we saw three platters exposed for sale, besides 
circalar stands for tea-arns, lamps, and such-lite, aud 
also, in addition to these, a staud of rather preteutious 
character, filted with an inverted bell-glass for an 
aquarium. It was evident, therefore, that articles of this 
nature were within the scope of the pole-latbe. 

We at last told Bill of our dilemma, but the old fellow 
would not help us. All we got for the present by way of 
reply was, " Turn platters in a pole lathe I o' coarse ye 
can, if ye know bow, and can handle the tools ; old Bill 
turns scores of 'em, but he can turn, hs can." 

Determined not to be beat, we set our wits to work 
again, with the following result. We first of all trimmed 
a piece like a large, very large cotton reel, but short in 
proportion to its size. We took care to make it as true as 
possible at each flange or end, where it was about three 
inches in diameter. This we set on one side. We then 
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cot out witli a keybole saw, for want of a compass saw, a 
round bit of svcamore previously planed on both sides to. 
three-quarters of aii inch tlnck, its diameter iu the rough 
being ten inches. We made one mistake in our work, 
which we record for the reader's benefit. In our undue 
Jiaste to get our bit of wood into shape, we cut it out 
before we had planed it. The result was greatly increased | 
difficulty in performing the latter operation. It was well. 
enough so far as the central line — the parts immediately 
about its diameter — were concerned; but when we tried 
to plane ou each side farther from the centre, the wood 
iDsisted on revolving the moment the plane began to cut. 
We ouly succeeded by sawing a wide notch in a bit of 
half-inch board laid agaiuat the planing stop, which, by 
embracing, aa it did, a good part of the circumference, 
kept the work steady. 

After this experience we avoided the difficulty in future 
by planing the board before cutting out of it the cir- 
cular piece required. 

We had marked out the circle with a large pair of com- 
passes, and from the same centre we marked also a three- 
inch circle. We now took our big reel, and glued it care- 
fully down upon this part, and further secured it by two 
Bbort screws, which passed through the flange, and reached 
a quarter or three-eighths of an incb into the board, aa 
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we rightly conjectured that we could easily fill up and 
conceal such holes after the work was finished. 

When the whole was dry, we mounted it in the lathe. 
We found the inapetus, however, much greater than we 
had expected, and every time the rotation was checked 
before it commenced in the opposite direction, there was a 
sudden jerk which seemed to threaten to throw the concern 
oat of the lathe — probably to the detriment of the turner's 
nose. 

But steady determination will do wonders, and although 
we had not yet ventured to ajiply a gouge to the work, wb 
found that, by turning more siowly, and slightly easing 
the foot at the end of the up and down motion, we could 
in a great measure diminish the impetus and reduce the 
danger. 

The firyt application of the tool brought the work to a 
standstill, and buried the point of the gouge souiewhat 
deeply in the wood. Luckily, however, it did not take 
out a piece of the edge, nor did it remove a chip. We 
now found that it was a very difi"ereut and far more 
difficult matter to turn an article of this kind than a 
simple bar or tool handle, and that it was necessary to 
place the rest as close to the work as it would go without 
touching it, and to make very slighi cuts indeed. We 
also learnt another fact, namely, that it was much harder 
work for the leg, because a bit of wood of large diameter 
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represented a lever equai iu length to the radins, which, 
SB soon as tlie tool was Applied, became a resisting power, 
which we had to overcome. But this fact we had im- 
pressed on our minds more thoroughly after our pole-lathe 
had been replaced by one of the more generally known 
form, in which the work is driven through the medium of 
a fly-wheel. In the pole-lathe, the power of the foot 
acting directly upon the work gives an advantage which 
the other lathes do not possess, and the whole weiglit of 
the body being thrown, when necessary, upon the treadle, 
gives the turner very great power in causing the work to 
rotate against the tool. There is, of course, the spring of 
the pule to he overcome, hut this is not so great as would 
be supposed, and does not add very greatly to the Jahour. 
When this class of lathe was more general than it is now, 
the pole was sometimes replaced hy a how of lancewood 
or yew, or other elastic wood, which was strung exactly 
like that used by archers, and from the middle of its atriug . 
descended the cord to the treadle. This was, however, 
B general on the Continent than in England ; and in 
an old FreDck work by Plumier, which has become very 
tliere are drawings of these lathes, witli steel 
I Hpring hows mounted on an upright pedestal fixed to the 1 
I lathe itself; and the latter was not the clumsy contrivance 
\ of the old chairmaker, hut iitted very cleverly, and k 
\ capable of being applied to the general purposes of the I 
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watch and clock maker, and to that of the genersT 
turuer. 

The pole-lathe is certainly becoming & thing of the 
past, beiiig mostly superseded by its more elegaut and more 
uerviceable brother, bat it is still employed by preference for 
certain purposes. Id the soft-wood districts, where wocden 
epoous are made, it still has a place iu the workshop ; and 
I was told hy a turner that it is preferred ou account of the 
ease and rapidity with which such work can be mounted — 
no chuck being needed. Nevertheless, I have seen a steam- 
power lathe of the usual construction used for a similar pur- 
pose; and although the mandrel must have revolved two 
thousand times iu a minute, I saw a lad mount his work, 
and remove it when iitiished, without even stopping the 
lathe. Moreover, I am inclined to think that even 
old cantankerous Bill Birch, if he had seen the dexterity 
with which tlie lad in question used gouge and chisel, 
would have been obliged to confess that one other person 
besides himself could turn. 

It is not necessary to tell the reader all the further 
particulars of our work on that wondrous specimen of the 
turner's art, the bread platter. We succeeded, by 
cureful manipulation, in bevelling off the edge and pro- 
ducing something like a decent moulding round it ; and 
by dint of tolerably free application of glass ]uiper, wa 
pat a sufficient liuish upon it to satisfy our youthful 
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BBpiratioDs. To detach the reel from the back, and, by s 
little rubbing with a tool haudle, erase the luarks of the 
Bcrewa, a,ud clear off all trace of the glue, was not a very 
difficult or proluuged task, and we then determiaed to go 
over to old Bill the following Saturday, and to submit to 

k^is critical eye this specimeu of his pupils' baudiwark. 
To obtaiu permissioD to do this was Dot a matter of 
difficulty. We never abused the liberty which the Doctor 
gave us, and therefore it was extended to us freely at 
all times, when it did not interfere with the school-work, 
j^to which we coutiuued to apply ourselves as steadily as 
IB we could. la fact, we considered it a point of honour to 
study hard, and it soon grew iuto a real pleasure. Our 
mathematical work especially gave us aa interest which 
we did not feel equally iu the classical, as it enabled as 
^■to understand, to a great extent, the principles of 
^* machinery as well aa of mechanical work, and we were 
often pleasantly surprised to find that we were but 
carrying out iu the workshop principles which we bad 
learning in our school hours, and that the more 
closely we studied these principles, and the more 
uefully we worked out the problems given us, the 
Biore clearly we understood the why and wherefore of 
KlQ&iiy details of practical mechanics. It was thus we were 
lied to perceive the reason that works of large diameter 
Ktequired more labour than tboge of a smaller size , tha^ 
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the latter gained less impetus as it revolved, aud that its 
motion could be suddenly arrested without much diffi- 
culty, and without producing any great shock; that the 
sniftller the work, the greater might be the rapidity 
of rotation ; and why, on one memorable occasion, bo 
severe a blow was given by a piece of wood which 
suddenly escaped from the latlie- centres when at full 
speed. These mechauit^al laws, as we gained more and 
more sound information respecting them, interested us 
very deeply, and gave great zest to our self-imposed 
labours. 

When we preaeiifed ourselves at Bill's workshop, 
platter in hand, we t^iiw a shade of disappointment over- 
spread hia features. Pushing up his spectacles into the 
roots of his hair, he deliberately and closely examined our 
work; then pulling down the glasses again, and settling 
them comfortably on his nose, he laid down the platter 
on the lathe-bed and resumed his work. We could not 
help feeling highly amused at hia evident perplexity. 
He did not expect, nor intend us to succeed, without 
leceiving a special leeson, and for this lesson he bad 
reckoned on another coin out of our pockets. For Bill 
was a grasping, close-fisted, and churlish old fellow as 
ever held a gouge, envious of his fellow -craftsmen, 
whose work he delighted to depreciate, and a regular 
tyrant in his own house. But no equally clever hand 
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was within our reach, the nearest craPtsnian living ont 
heioLid St. Ivea. We knew that we ahnuld beat 

Iproiiitiafe Bill by depreciiating^ our performance, and 
iflxpressing our regret that he had not been at our elbow 
when we were at work, Tim was a greater favourite than 
I was, being a better hand at this sort of (perhaps 
pardonable) humbug; he therefore commenced the 
assault. 

"I wish we could turn like yoa, Bill," said he. "I 
thought we should never get through this job, and I dare 
say you could have done it in five minutes, and somehow, 
now it is done, the platter doesu't look like a work- 
man's. Any one could tell it was a boy's work, eh, 
Bill?" 

I" Boy's work!" answered Bill, " tisn't work at all; 
,you might cut oat a better one with a pocket-knife." 
We knew that was an exaggeration, but said nothing; 
!lind Bill resumed. 
I " Look here now — where's all the sharp, clean-cat 
;irork ye see in Bill's platters? This here one isn't cut 
At all ; 'tis just muddled and robbed into shape with sand- 
paper; and this here edge you calls a moulding ain't no 
sort of form. All that is tidy about it is the planed 
part, and that is half spoilt too by the sanilpaper." 
^^ Then Bill began another bit of work, and was eilent 
^v^ he had finished it, which took him about three 
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minutes, after which he suddenly asked, " How did je 
do it ? " 

We knew now that the ice waB thawed, and began to 
enter into a detailed acconnt of how we had made the 
big reel, and gined it on for the cord to work opon, and 
what difficulties we fonnd in tnrning np the edge, not 
omitting to repeat the fact of our regret at not having had 
Bill's aBsifitance. 

Thus further mollified, the old fellow condescended to 
converse more freely, especially when Tim pnlled out a 
packet of snuff, of which Bill was insatiably fond, and 
presented it to him. I can't say, however, that he evinced 
any gratitude for the present — he never did — nor do I 
think there was a spark of gratitude ever present under 
that gaudy but faded old waistcoat, which had been bought 
cheap at a pawnbroker's. The snnfif, however, had an 
effect, as we soon perceived. Taking ont of a cupboard 
near the lathe a bit of wood cut out with a sweep saw 
and nicely planed, Bill proceeded to mount it in the lathe. 
For this purpose, however, he did not glue on a bobbin, 
as we had done, but produced two pieces made thus :— 
One was like our big reel, only one flange was much 
larger than the other — about six inches diameter, the reel 
itself between the flanges being about three ; and from 
the larger face projected near its outer edge four sharp 
but short spikes, being the points of screws driv 
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tehind, anii afterwards eharpened with s. file. The other 
bit was merely a round flat piece, also having spikea pro- 
jecting on one side, aud on the opposite side of each was 
i|S central hole to receive the lathe-poiat. 
1 The platter was pinched between these, which were 
placed on each side accurately by a circle drawn on the 
wood with comjiasses, as we had done. Thus, without 
glueing, these bits of wood served to tarn from three to 
half-a-dozen platters, after which the holes for the centre- 
points of the lathe became, Bill told us, too much worn 
to hold the work safely, and the pieces were replaced by 
new ones. Besides sycamore, Bill nsed, as we found, 
willow, plane, and beech, and indeed any tolerably soft 
wood of even and close grain, any wood not naturally prone 
to splinter and chip easily. He turned the moulding at 
the edge chiefly with the gouge, but afterwards, with the 
sharpest corner of the chisel, he cut ont a shallow angular 
grove, which gave a finish to the work by making a well- 
defined edge to the moulding. He afterwards showed ua 
a very useful tool for this and similar purposes, viz., a 
V tool, which was similar to a gouge, except that instead 
of being round like the half of a tube, it was like a bit of 
paper folded sharply lengthwise. It was then ground 
from the outside, and made very keen upon the oil-stone. 

I This tool, we were also graciously informed, was used for 
(ratting screws in soft wood, an art requiring much practice, 
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but. which Bill did very well in his old lathe by dint of 
bringing down the treadle very slowly and following a 
pencil-line carefully drawn beforehand. This he rightly con- 
sidered rather a feat, as few tamers conld do this, or make 
Elizabethan twiat, or roped-worlt, aa it was called, for 
which we received instrnctiona at a much later dite, 
which will be recorded for the reader's benefit. As to 
Band or glass paper, Eill warned ns never if possible to 
nae it, but to ase sharp tools, and use them in a workman- 
like manner, becim^e abrasive materials always rubbed off 
the sharp edges of the work, and gave it a very poor, 
'prentice-like appearance. But if at any time ench means 
were absolutely necessfiry, he told ns always to take up 
a very sharp chisel or V tool, and make a final cut aTter 
the aandpapering, to restore the sharp edges which the 
paper had obliterated. 

Before our acquaintance with this queer old fellow 
commenced, we had read about the chairmaker's pole- 
lathe, but never could have believed the extent of its 
capabilities in the hands of a good workman, Thia is 
practically the lathe which serves the purpose of the 
watchmaker, who, with a bow of whalebone Strang with 
a horse-hiiir, and a graver or other tool held in one hand, 
torns up the pivots and email wheels upon which he has 
to exercise his skill. There is, indeed, one advantage 
in a bow-lathe, viz., its comparative portability. On a 
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small scale it may be made, and is made, to clamp io a 
vice or to screw to a table; aud may be made eitber to 
work with a bow held io the hand, or, by the addition of 
. upright pedestal to hold a bow overhead, it may be 
J arranged to work tlirougb the medium of a treadle. We 
I made such a lathe in after years, taking a hint from 
■.an old French work, aud give a sketch of it here, as we 
[•used it for many light jobs with very satisfactory results. 
It is pretty much like the Swiss turn, or turu bench, 
I: bat we made certain additions and alterations which we 
[ believed to be improvements. In the first place, the flat 
I bar of iron, B, on which the rest of the lathe is fltted, was 
made thick, and flattened out at one end, M, so that it 
could be arranged as a clamp; and the jaws of this were 
outward, so that if clamped to a table on the right-hand 
|.oorner, the bar would stand clear, so as to allow the cord 
' also to pass down free of the table to a light treadle, a 
mere strip of board three inches wide. The poppit on the 
left of the bar was fixed by a couple of screws, the other, 
which was free to slide on the bar, was clamped by the 
I screw seen below it, as was also the rest-socket, C, into 
which the upper part, L, fitted, the same screw clamp- 
ing both. Q H 8 is the support of the bow N, and 
this we made of hollow iron tubing, in pieces fitted 
H together where the lines are seen across it, so that it 
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Fig. 4.— Our Bow-Lathe. 
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ite could not manage to fit these with screwed joints, we 
fitted into every other piece a turned bit of wood, which was 
tightly driven into the tube, but about two inches of which 
was left standing outside. This, which was turned very 
Elightly emaller, fitted the other bits of tube, so that the 
whole fitted together like the joints of a fishing-rod, and 
were very stiff and firm. Over the horizontal rod 0, we 
made a sliding piece of hard wood to clamp with a screw, 
and the bow fitted a mortice io the lower part of it, and 
was then wedged in so as not to slip. At M there was 
a flattened bit of solid iron screwed to the bar, the top 
being filed round for the first joint of the tube to slip 
over it. The central turned spindles, A A , which fitted 
into the poppitB, were pointed at one end, and had conical 
centre holes at the other, and either or both could be 
turned end for end at pleasure. The mortice in C, 
through which the bar B passes, was made higher than 
those in the poppits, so that it fitted loosely on the 
upper and lower edges of the bar, but closely on its 
sides. Thus the screw below could draw it down nearly 
half an inch, and when the foot of the rest, L, was put 
through the other mortice, it was easily fixed by the 
screw in any desired position. 

The poppit, K, and its fittings composed our boring 
collar, which was necessary to hold one end of any bar 
which required to be hollowed out or bored. The poppit 
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fitted on the bar exactly like tlie other two, one of vhicli 
it replaced at pleasure. K was of hard wood, made to fit 
io a mortice and clamp with a screw, with conical holes 
in it nicely bored. The exact centres of these we marked 
by running this poppit close to the other, and giving 
a alight tap to the centre-point so as to mark it. 

T is one of the chucks already described in epeaking 
of the large lathe. Any round flat bit of work was held 
either by being pressed on the points, and kept against 
them by the back spindle, or pinched between two such 
chucks, in which case, the centre-point came against the 
back of the second chuck instead of against the work 
itself. W is one of another set of chucks — spindles for 
holding washers, small wheels, rings, and other such 
articles ; the pullies were made to drive on tightly, the 
spindles or arbors being slightly conical. Some of the 
pullies were like that shown for a hand-bow of whalebone, 
and fine gut or hair; others like a cotton reel, which, in 
fact, we actually used for the cord from the overhead. 
These arbors were all of steel drilled at each end, so as 
10 run truly on the points of the spindles. We had tbem 
from the size of a small knitting-needle to that of a 
cedar pencil; but for still larger work we used to make 
them of boxwood, which answered very well. We had 
various other contrivances for special work, which, how- 
ever, need not be detailed here, as some of our many 
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** dodges ** will probably be described on a future page, 
when speaking of our amateur engineering, and the 
better lathe which we afterwards obtained. This last, 
nevertheless, did not displace the one here described, which 
always kept its place in our workshop, and often proved 
even the more serviceable of the two for certain kinds of 
work. 




Chapter III. 



WORKSHOP APPLIANCES 



HIS chapter will be devoted to a description 

of other of our workshop appliances, of which 
many were home-made, and answered ho well, 
that we never found it necessary to provide 
more expensive appliaDcee from the tool shops. First 
there was our drilling apparatus. We had so often seen 
the village blackatnith at work, with his old-fashioned 
crank drill and press frame, that we thought we could 
hardly do better than adopt it in a modified form — i.e., 
we did away with a certain heavy and clumsy contrivance 
overhead — a long beam hinged at one end and fitted with 
a weight at the other. We replaced this affair by a frame 
of wood, EiB we bad not then funds for much iron-work, 
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and after we hud fnnds we used this drilling bench for 
years. It consisted, first of all, of a strong stool, which, 
■with the rest, we have only shown in profile and sectiou, 




Fig. 5.— Our Diilllng HachlTie. 

to make the construction more clear. The bench and 
cross piece above were of ash, as we conBidered that upon 
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tliese tiie strain would come; but the uprights were of 
deal, because the tendency would only be to Btretoh these 
iengthwifie. They were mortised into the bench and 
cross piece, and pinned through the latter with oak pins 
or trenails, but under the bench they were fastened by 
wedges, which could be knocked out and the whole frame 
removed, leaving the stool free for sawing or any other 
purposes. The lower mortises were strapped with hoop 
iron, to prevent any chance of their being split out by 
the wedges. The stool was two feet long and ten inches 
wide. The uprights three inches wide by two thick, the 
widest sides in and out, and the top four inches by two, 
the broad surfaces above and below — so that, as seen in 
the drawing, the edges of these parts are shown. The 
feeding screw was picked up at an old iron store, and 
the blacksmith fitted to it a nut which we let in flush in 
the upper bar, putting a plate on below to keep it m 
place. As the strain was in the contrary direction, this 
did not need to be specially strong, and four three-quarter 
screws held it very well. We could thus oil the nut at 
any time by taking off the plate. Tlie brace we of 
course bought, as well as the drills, but we afterwards 
learned to make the latter ourselves, to our great advan- 
tage. To hold the work to be drilled, we used all sorts 
of different contrivances — blocks of wood sometimes on 
esah side of it, wedged up; iron bolts and clamps through 




r^ 1 

OUR DRILLING MACHINE. 67 

t!ie bench, with nuta underneath, and varioua extempore 
arrangements. We also made mortiaes in our vice 
bench, and could mount the sarae frame over tliia when 
wo pleased, so that work which we found it impossible 
to secure upon the drilling-bench, coqM be held in the 
tail vice itself. Altogether, we never had a more service- 
able tool in oor workshop than this rough-and-ready 
affnir, which was often put to somewhat unfair testa 
when we had to drill larger holes than usual. 

To set the drills upright for work, we used a plumb- 
line in two directions, staoding a little way off, and hold- 
the line between the eye and the drill, and shifting 
the work until the drill was truly vertical in both direc- 
tions. All we then had to do was to work away at the 
crank, and feed with the screw, and the drill would 
descend perfectly true, and bore very rapidly. I think we 
gave teu shillings for the brace with six drills, the screw 
and its nut, and the raw material of which the bench and 
Bide pieces were made. The screw I believe was an iron 
bench screw, of which probably the nut had been lost, and 

»jthus it had found its way first to the scrap heap, and 
■tben to the rag, bone, and old iron merchant, who had dis- 
posed of his donkey-load to the keeper of a marine store. 
It would be curious to trace the history of such a screw 
^_ through the various phases of its existence, until at last it 
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I think if a tbing of this sort conid write its experiences, 
and describe the scenes it had witnessed, tlie homes it 
bad visited, and the characters it had met, the result 
would be such a book for boys as I shall never write aa 
long as 1 live. Our old screw, however, was silent 
(unless it wanted oil, and then it sang loudly, or wailed 
sadly), and if " it could a tale unfold," it never did bo. 

For a long time we were very badly set up in screwing 
apparatus. This was an expensive item, and the most we 
could do was to possess ourselves of a screw-plate with 
double handle, and three or four holes, and a smaller one 
of clock-size with eight. The taps were few and bad, but 
we found means to increase these from the plates them- 
selves, and though not of first-class pattern — not being 
grooved, but merely squared up — they did pretty good 
work, good enough for moat of our early engineering 
requirements. One or two holes of the ])late were indeed 
useless, from having been used upon very hard steel, which 
had worn down the threads, but we could cut screws from 
about three-eighths down to one-sixteenth very welh 

Our great ambition was, however, to become possessors 
of a stock and dies, and we searched catalogues, and 
advertisements, and sale bills over and over again, but 
could meet with nothing suited to our finances ; and not 
till we had made a good many steps in advance of our 
early trials at engineering did we succeed in obtaining this 
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moat desirable screwing apparatus. It came, nevertheless, 
in due time, like many other tools and worksliop appliances, 
and, perhaps, on the whole, it was well that we did not 
possess a stock earlier in our career, for our inexperience 
■would in all probability have cansed its destruction. 

With the few appliances alluded to, iu addition to files 
aud snch-like, we worked steadily at all kinds of 
mechanical jobs for two or three yenrs, and by this time 
we had grown from little boys into big ones, and both 
brain and hand began to yearn after somewhat better 
tools, and work of a higher quality. We began to find 
oor lathe especially unfit for real engineering operations 
iu metal, although sufficient for occasional work ; and we 
determined, after due consideration, to replace it by one 
with a fly-wheel and treudie, mandrel and chucks. 

How we talked over this work ! and how many plana 
we drew before we decided upon the beat ways and 
means. The bed was to be wood, of necesBity; but 
we determined npon having beech very carefully planed 
with an iron plate on the upper surface, put on with 
conntersnnk screws, and filed up as true as we could 
succeed in making it. It was to be six feet long, 

L because, although we noticed that a great number of 
lathes were made with four-feet beds, we considered that 
it would be as easy to make one two feet longer, and 
that it would be macb better for wood-tarning, in whiah 
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the work is often of some length. The standards to 
snpport this bed we also determined shonld be mtide of 
beech, and the fly-wlieel quite plain, not grooved for gnt, 
but suitable for a strap, becanse we found this could be 
easily met with at an iron store, foundry, or machine 
shop, secondhand, whereas a bevelled and grooved one 
could only be had at a Intbe-maker's. 

We knew, however, that this would not give ns the 
slow speed necessary for metal turning, but we thought 
we could easily turn a small pulley or drum of wood 
with a hole for the axle, and that we could attach it also 
by a couple of screws to the spokes of the fly-wheel, to 
secure it from slipping round upon the axle. This we 
subsequently made, and very well it answered. The 
main difficulty, we felt, would be the mandrel and its 
fittings, and the back poppit; in short, the upper works 
of the lathe. 

In the midst of our deliberations, and when wooden 
poppits and very inefficient substitutes for mandrel and 
collar were determined on, a kind friend who heard of 
our dilemma, and was charitable enough to appreciate our 
various attempts to make our own apparatus, brouglit us 
an old rusty mandrel fourteen inches long, with a worm- 
eaten pulley and some half dozen short lengths of screw 
threads cut upon it. Eagerly we accepted such a prize. 
It was apparently from some rejected and disused brass- 
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tiirner's shop, for there waa a bit of brass rod brokeu short 
f inside the female screw intended for the chucks. The 
first operation was to clean it, which we coirnneuced by 
boiling water and soda, with a very hard scrubbing brush 
.and sand. This soon got rid of a thick mass of old har- 
dened oil and dirt, and enabled ns to see something of .. 
the bright but tarnished metal below. Testing the latter \ 
with a file, we found that it had been hardened at each 
end, and was a promising concern. In fact, the only 
really bad part about it waa, that one set of guide 
threads for screw cutting waB damaged, but not so as 
have become absolutely useless. There waa one point, ' 
however, which we regarded as a drawback, aud this was 
the length of the mandrel, which would have the effect of 
Bhortening the bed ; we therefore added a foot to the 
latter in our plans, determining to make it seven feet 
instead of six. The pulley was wholly gone, but it was 
now a very easy matter to replace it, as we were quite 
used to the pole-lathe. We began by roughly sawing 
oat a round piece of beech. We then drove it tightly 
upon the mandrel, mouuted this in the lathe, and turned 
up the wood. It therefore proved (as we foresaw) 
absolutely true, and being intended for a strap, we 
merely turned it slightly large in the middle, rounding it 

I off each way. I forget who put us up to this now well- 
known secret of turning pulleys to leceire straps; for I 
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remember tliat it was at that time custoraary to tarn 
them witli a rim on each side to keep the strap from slippiiig 
off, the result being that the said strap generally found 
its way up od the rim, and insisted on riding partly there 
instead of on the flat surface. It was, however, dis- 
covered by soma observaut meehauie, that if a strap were 
made to run npon a conical surface, its tendency was to 
ran up tovrards the largest part, instead of slipping down 
in the other direction, as would be expected. If, there- 
fore, two abort cones were placed base to base, i.e., with 
their large ends together, the strap would evidently keep 
on and retain its place in the middle of such pulley. 
This is the form now universally adopted, except that 
the sharp edge at the meeting of the cones is always 
rounded off considerably, the pulley being simply larger 
in the middle than at the other parts. This will be 
eyident from the sketch given of our renovated lathe in 
flg. 6. The screw guides cut on the matidrel are seen 
at CGC; being of a different pitch, one had eight threads 
to an inch, the next twelve, and the third sixteen. 
There had been one of twenty, but it was so damaged as 
to be useless, and these three pitches sufficed for our need. 
At A is seen a block of mahogany screwed to the bottom 
of the poppit, and having three vertical mortises and three 
horizontal ones opening into the others. In the vertical 
ones were three squared plugs of wood, and in the 
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horizontal ones vrere wedges which, being driven io, 
raised the plugs Butil their tipper surfaces touched, and 
pressed against the guide screws sufficiently to be deeply 
indented by them. Thus, if the maodrel was free to 
revolve, and also to move along horizontally in its 

t bearings, and oue of these plugs was made to press 
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Fig. 6.— Our Benol 

against its screw, the mandrel would of necessity 
traverse end-wise at the same rate as the pitch of that 
particular guide screw. Hence, this is called a traversing 
mandrel, and a screw to match any one of the guides is 
easily cut upon wood or metal by merely holding a point 
tool or a chasing tool of the right pitch quite still upon 
the rest. The traverse is from left to right, the man- 
drel advancing in that direction in its collar, so as to 
make the screw a right-handed one. The mandrel 
is quite cylindrical at DD, where it passes through its 
collars. 
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Another wedge may be uoticed at H, in the left-band 
standard of tbe mandrel head. This was fitted to raise a 
slip of steel, so as to make it enter a shallow groove 
turned in the mandre] at that point, which tlien prevented 
its traverse. This was used when the lathu was not 
required for screw-cutting ; a shoulder in front, jnat 
behind the screw on the nose of the mandrel, prevented 
it from running back in its bearings, and took the 
pressure of the screw in the other or back poppit. This 
latter was merely cut out of a bit of sound beech, and 
carefully bored to receive a pointed screw. It was not 
very handsome, perhaps, bat answered its intended 
purpose, and we improved the general appearance of the 
poppits by rendering them as smooth as possible, and 
giving them a couple of coats of good black paint. We 
took a great deal of trouble to rig up our French man- 
drel, and spent on it a vast amount of patience, which 
was on the whole well rewarded. The stand, with 
crank treadle and fly-wheel, are omitted in the drawing, 
as the main object of the latter is to show the general 
arrangement of the traversing gear and its fittings. 
These French mandrels are not often met with now, but 
very similar ones maybe found in the shops of some soft- 
wood turner's, as they are far cheaper to fit up, and 
quite as effective in use as the more neat and costly ones 
generally fouud in modern amuteur'e lathes. The long 
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mandrel is, moreover, an element of eteadiuess, and is not 
without some pecaliar advantages. 

I mast now give an account of some of onr lathe 

I fittings, without which we could not have made any 
practical nse of it. We intended, if possible, to turn 
articles of brass as well as of wood ; but for the small and 
light articles likely to be undertaken by us, we rightly 
imagined that wooden chucks would suffice, if made 
with iron ferrules to prevent eplitfiiig. One chuck, how- 
ever, we found it possible to obtain in metal, viz., a taper 
Bcrew fitted into the centre of s brass plate, which only 
needed to be attached to a wooden base by four ordinary 
wood screws. We procured two of tliese, one with a 
ind the other with a small centre screw. In order 
to mount these properly, it was necessary to cut au 
internal screw in the blocks to which they were to be 
attached, of the same thread as the mandrel, viz., 

t eight to the incli, the same pitch as the coarsest of the 
guide screws. To accomplish this, it was, of course, 
necessary to mount the block on the mandrel with the 
hole to be screwed outward. We therefort sawed off 
a piece of dry beech about an inch longer than would be 
^TTequired for the chuck, and bored it with a centre-bit 
^■'jlit one end, so that the mandrel screw would almost enter 
^K it. We then forcibly screwed it on, allowing the mandrel 
H kcrew to cut its own thread. This it did sufficiently well 
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to Bccure the work, and euable us to tnrn it, and 
accurately square up the end. This end we now bored 
as it ran in the lathe, making the hole the exact size of 
the smallest part of the mandrel screw (i.e., its size 
between the threads, which we had previously ascertained 
by meaaiiriug it with callipera). We now bad to oat the 
inside screw, our first attempt with the new mandrel. 

We bad been advised to procm'C a small set of chasing 
tools, which, in point of fact we had learnt to nse fairly 
well, even with the pole-lathe, and we had a pair of the 
pitch required. But we had aa yet no experience of a 
traversing mandrel. Holding the tool across the rest, 
which we turned round so as to stand across the end of 
the work, we freed the mandrel to allow it to traverse, 
and drove in the wedge, so that the small block above it 
geared with the screw above it. We then found that by 
giving the crank a half turn to and fro, the mandrel 
advanced steadily as required, and traversed backwards 
and forwards evenly. But at first we found that the 
rest was placed too near, so that the work touched it 
every time it advanced. This was easy to remedy, but 
we also found that the moment the points of the inside 
screw tool touched the work, the tool itself was carried 
forward instead of cuttiug a thread. We had, however, 
as yet no siide-rest to hold the tool, and had to contrive 
a temporarj' apparatus to suit our present purpose. We 
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98W that it would be necessary to have some means of 
shifting the tool somewhat towards the left hand as the 
cuts deepened, but otherwise it must be motionless ; to 
ilo this effectually would need some kind of slide, but, 
coiisideriiig that the depth of the screw-thread wiia nt 
most but one-eighth of an inch, and that this was conse- 
quently the full amonnt of traverse necessary for the 
tool, a slide seemed hardly requisite, especially as screw- 
cutting would not, in all probability, be a very frequent 
occurrence. Moreover, we soon found it unnecessary 
even to provide for a traverse of the tool of tkia amount, 
because as soon as a thread was fairly traced, we dis- 
covered that it was better to stop the traverse of the 
mandrel and finish it by hand, the thread already cut 
sufficing to draw the tool forward at the proper rate. 
After divers sketches and suggestions of a more or 
less complicated character, we cut out a block of asli with 
a stem to fit into the socket of the ordinary rest, and cut 
a groove lengthwise, forming a narrow chaunel in which 
to lay the tool, but which was wide enough to allow it 
a little movement sideways. In this we laid the chaser, 
and found that we could very easily steady it by grasping 
the rest and the tool together, and after a little practice 
we managed to cut our screws very easily. 

This first attempt was a little less satisfactory than 
subsequent ones, but was sufficiently well done to serve 
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the required piirposw. We did not cut the threads to 
quite their full depth, .^nd then by screwing the block 
forcibly on the mandrel, atw^r rnbbiug a little soap npoa 
it, we fiuished it to an excellent 3r, as this process com- 
pressed the wood and made the screw tiircnqds smooth and 
polished. When cutting screws in this way rJi boxwood, 
we did not find it necessary, however, to resort ft^ this 
mode of finishing them, as that wood being very hsfd 
and compact, will allow a screw to be chased at a slow^ 
speed, but woods like beech or ash, that require to be cut 
at great speed in order to produce a smooth surface with 
the tools, cannot be thus screwed in an equally satisfactory 
manner, but are left by the tool in a comparatively rough 
state. Screws can only be well cut in these by what are 
called V tools, which cannot be always procured except at 
the LoodoQ tool shops. They are in form like a folded slip 
of paper, and are made exceeding sharp on both edges. 

We had made out of a piece of dry and sound box- 
wood an exact copy of the nose of our mandrel, so th.l^L 
we could at any time test the accuracy of our chucks b;^^ 
screwing this into them without the necessity of removing 
them from the mandrel ; and as I may be addressing 
young mechanics, let me tell them by all means to follow 
our example, as the convenience is very great. 

Having fiuished the screw and found it correct, wa 
cat off the wood with a parting tool to insure its being 
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jierfectly true, and then, Bcrewiug it on the mandrel as 
already described, still further finished it with a chisel. 
We also recessed the end, ao as to allow the brasH plate to 
fit. in flush and to he held centrally without shifting, 
while being secured by three-quarter inch screws. As 
we had taken extreme care to level the bottom of the 
recess, we found that when all the screws were in place 
and the chuck finished, its pointed taper screw was per- 
fectly true with the back centre. 

Both the taper screws having been fitted in the same 

1 way, they were now used as cliucka to hold other pieces 

requiring a similar process of boring and screwing to make 

cup-chucks. Some of these we made of boxwood, because 

the screws were more likely to remain for some time true, 

*but as we soon found that the very hardness of this wood 

nrevented it from gripping work as securely as other more 

ijastic woods, we made other chucks of beech, ash, and 

^■nbeam, the latter wood proving excellently suited for 

llch work. 

^^' The wooden chucks, intended to be hollowed oat to 

^fteceive any object to be turned, were very simple 

affairs, merely blocks of wood bored out and screwed to 

fit the mandrel, turned on the outside, and fitted with an 

iron or brass ring, so that they could not be easily split 

' by driving the work into them. Some of these rings 

^ were forged by the blacksmith — others were bits of stout 
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tube. la short, whenever we came across a bit of metal 
likely to prove Berviceable, we made a prize of it, and put 
it by for fatnre service. For ferrules for our tool handles 
we got bits of gaspipe or old gun barrel, which we cut off 
with a hack-saw, and turned up bright after they were in 
place on their respective handles. 

Our lathe was now in fair condition for use, and we 
only needed to add to the stock of apparatus from time to 
time as it might be needed. After the experience we bad 
necessarily gained in fitting op this lathe and tlie previouB 
one, we felt it very unlikely that we should meet with 
difficulties of an insurmountable character in the amateur 
engineering work which we proposed to carry on. We 
had, in fact, learnt to make light of difficulties, and had 
gained a habit of perseverance and ingenuity in devising 
makeshifts to meet casual emergencies which ever after 
served us in good stead. If we had not precisely the tool 
or the apparatus required, we contrived to make something 
else serve instead, and thus, while we saved money we 
avoided any useless accunmlation of tools. 

The list of turning tools in our possession, all neatly 
handled and ranged in a tool-iack by the lathc^ was aa 
foUowa ! — 

Two gouges. 
Two cbisela. 



TOOLS. 

Three pairs of screw or chasing tools. 

One point tool for brasa. 

One round-end ditto. 

One heel tool for roughing down iron. 

Two gravers. 

One flat or planishing tool for brass. 

Two side tools for brass. 

Six variously-shaped tools for hard wood. 

A pair of in-aud-out callipers. 

A pair of compaBsea, 

The drills used in the carpenter's and smith's braces we 
used also in the lathe, having made a boxwood chuck 
with a square hole in the centre to receive them. The 
back poppet, however, of our lathe was not a very good 
form for advancing any work against the drills, but we 
mtide it answer fairly well by turning a thimble or flange 
I to slip over the point, sufficiently loose not to revolve 
■with the screw, but fitting it closely enough not to shake 
about when in use. This, being made flat and true, 
presented a broad surface against which the work could 
abut, and by which it could be gradually and steadily 
^L advanced. 

^1 We subsequently managed to pick np secondhand 
^K a far better poppet of iron with a cylinder and leading 
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the required purpo^: "«^« ^id not cut the threads to 
quite their full depth,-*! then by Bcrewing the hlock 
c ■, 1 ,, , 1 -ver rubbiiij' a little soap upon 

forcibly on the mandrel, atK ° 

,.,,.,. ^T>^ aa this process com- 

it, we niHshed it to an excellentTW w 

J .1. J J ;i i-L ^"^^S'Ib smooth and 

pressed the wood and made the screw thrS^ _ 

poliBlied, When cutting screws in this wa^!^ 
we did not find it necessary, however, to resort Wv 
mode of finishing them, as that wood being very h&, 
and compact, will allow a screw to he chased at a sIoW-^ 
speed, but woods like beech or ash, thnt require to be cat 
at great speed in order to produce a smooth surface with 
the tools, cannot he thus screwed in an equally satisfactory 
manner, but are left by the tool in a comparatively rough 
state. Screws can only be Tceli out in these by what are 
called V tools, which cannot be always procured except at 
the Loudon tool shops. They are in form like a folded slip 
of paper, and are made exceeding sharp on both edges, 

We had made out of a piece of dry and sound box- 
wood an exact copy of the nose of onr mandrel, so Uk, , 
we could at any time test the accuracy of our chucks b}''>^ 
screwing this into them without the necessity of removing 
them from the mandrel ; and as I may be addreastng 
young mechanics, let me tell them by all means to follow 
our example, as the convenience ia very great. 

Having finished the screw and found it correct, wa 
cut ofT the wood with a parting tool to insure its being 
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perfecfcl}' true, and then, screwing it on the mandrel as 
already described, still furtlier finished it with a chisel. 
We also recessed the end, so as to allow the brass plate to 
fit in flush and to be held centrally without shifting, 
while being secured by tbree-quarter inch screws. As 
we had taken extreme care to level the bottom of the 
recess, we found that when all the screws were in place 
and the chuck finished, its pointed taper screw was per- 
fectly true with the back centre. 

Both the taper screws having been fitted in the same 
way, they were now used as chucks to hold other pieces 
requiring a similar process of boring and screwing to make 
cup-chucks. Some of these we made of boxwood, because 
the screws were more likely to remaiu for some time true, 
but as we soon found that the very hardness of this wood 
prevented it from gripping work as securely as other more 
elastic woods, we made other chucks of beech, ash, and 
hornbeam, the latter wood proving excellently suited for 
such work. 

The wooden chucks, intended to be hollowed out to 
receive any object to be turned, were very simple 
affairs, merely blocks of wood bored out and screwed to 
fit the mandrel, turned on the outside, and fitted with an 
iron or brass ring, so that they could not be easily split 
I by driving the work into them. Some of these rings 
I irere forged by the blacksmiths-others were bits of stout 
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tick of the clock until it rested on tbe neck of the con- 
demneiJ victim, where it remained until the time came 
for its nest removal. The description of this old clock 
exciteil our ambition to reproduce it, and after much 
oulculation nnd much sketching of the various details, 
which culminated in what we were pleased to call "s 
working drawing," we began oar work with great zeal, 
and after a good deal of labour and some partial failures, 
we actually accomplished it, and even added other 
mechanism to the original design. Our chief difficulty 
foose from the fact that no description was given of ' 
the details of tbe machinery, nor did we know much about | 
clocks at that time. We had consequently to read up our 
subject from tbe commencement, making notes as we pro- ■ 
ceeded of the principles involved. These notes I append j 
here to show other boys our methodical way of learning 
our new trade of clockmaking. , 

PRINCIPLES OF CLOCKS. 

1, The main consideration i? the pendulum, which is, 
in fact, tbe actual timekeeper, the spring or weight and 
the wheels being necessary only for the purpose of record- 
ing the number of beats made by the pendulum, and for 
keeping it in motion. 

2. The nnmber of beats made by a pendulum in a 
given period depends entirely upon its length. If a 
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weight is hung on the end of a string, and is made to 
oecillate from side to side, these oscillations will occur at 
equal periods, whether the arc described bj the swinging 
weight be large or small, for any given length of string. 

But this is only precisely true op to a certain poijit fox 
B pendulum or suspended weight, because the arc which 
it describes is a part of a circle of which the point of 
BDspension is the centre, and the arc of which the above 
rule of oscillation is always true ia not part of a circle 
but of a cycloid. The difference, however, between the 
arcs, for the short distance of the swing of a pendulum, is 
BO small, that it may be considered that a pendulum of 
a given length does actually perform its oscillation ia 
equal times. 

To impress facts like the above on oar minds, we always 
resorted to practical experiments, especially in any case 
where a mechanical law appeared incomprehensible. In 
this case, for instance, we fancied that the pendulum mu&t 
of necessity take longer to traverse a large arc than a 
small one ; but after hanging a weight to a rail by a piece 
of string, and timing its oscillations, we saw at once that, 
when first started on a large arc, the impetus carried it 
forward rapidly past the lowest point and up the opposite 
bill, and that this impetus became less and less as the arc 

Itrf oscillation grew smaller, so that the weight took aa 
long to traverse from side to side a couple of inches or 



86 BOY ENGINEERS. 



less as it had taken at first to accomplisli its longer 
joiirDej. 

While watching the swinging of onr string penduluni, 
it 80 chanced tliat one of us began to whistle a tnne, and 
we noticed how beautifully our apparatus answered as a 
timekeeper. We had bat to shorten it to make it beat 
quick time, or lengthea it for a slow march. We thus 
unconsciously invented the tape and weight now often 
used to teach music in schools; the tape being marked at 
varying intervals, at which it ia to be held in the finger 
and thumb, and the oscillation of the weight marking 
time accordingly. We did not, however, attach any 
great value to our discovery, because, being but boys, we 
concluded that others besides ourselves, and of maturer 
years, must necessarily be well acquainted with a fact so 
apparently simple, and so easy of practical application. 
In this way, uo doubt, many inventions are lost from time 
to time, and we have since learned never to take the 
knowledge of mankind for granted, but to make notea of 
every fact we may chance to discover for ourselves, and to 
add suggestions of any possible application of it wliich 
may from time to time occur to our minds. 

We found, in short, that this habit of observing and 
noting simple facts liad resulted in some of the most 
important discoveries and inventions ever made, including 
the steam-engine and electric telegraph, and that not only 
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had our greatest engineers been invariably accurate 
observers of natural facts, but alao unwearied experi- 
menters, who carefully wrote down the results of tbeir 
experiments, to assist them ia subsequent investigations. 
Our own further notea about pendulums were as 

follows ! 

Tliirdly, The string being impracticable in a clock, 
and the pendulum requiring a rigid bur to support the 
''bob" or weight, tiiis bar needs to be theoretically 
of invariable length, and freely suspended, so that its 
OBciilations shall not be retarded by friction, uor caused 
to vary in doratiou by the effects of temperature. These 
requirements become in practice sources of much diflfi- 
culty, owing to the fact that metals expand by heat and 
contract by the action of cold, and therefore a bob 
suspended from a wire, as in common clocks, would not 
give the same results as a timekeeper in winter and 
summer, not even under the varintions of temperature 
occurring almost every day. Wooden pendulum rods are 

I less liable to vary in length, especially if varnished, and 
this is a very good material to use, where more compli- 
cated means cannot be employed, to compensate the 
expansion and contraction of metal rods. 
Fourthly, A long rod keeps time better than a short 
one, because its swing is steadier, and it ia less easily 
checked or stopped by slight causes, and, on the whole, 
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a ])eiiduluni beating seconds is the best to use where 
a long clock-case or plenty of room is available, and 
appearance is not of importance, A seconds pendulum is 
39'37 inches long from the point of Buspension to the 
centre of gravity of the bob for northern latitudes, which 
is quite near enough for boy clockmakers, at all events ; 
but it is as well to note that this peudnlimi, if used near 
the equator, would cause a clock to lose time, because the 
force of gravity which acts on falling bodies, and, in fact, 
causes them to fall, and causes the pendulum hob 
therefore to descend when lifted, is less at the equator 
than elsewhere. 

Ffithly, Aa our first clock was meant in a great 
measure to give us an insight into the mechanism of 
clocks, and would in all probability be far from perfect as 
a timekeeper, we ci)nsidered that wooden wheels might be 
very well employed throughout, except in the scape-wheel, 
which would be constantly acted upon and rapidly worn 
by the pallets of the pendulum. This we saw at once 
must he made of metal — brass, if we could get it — tin, if 
we could not. The pinions we intended to make of wire 
if possible ; if not, we proposed to cot them as well as we 
could out of the substance of the axles, which were to be 
of wood, with wire pivots driven into each end. 

We next proceeded to calculate our wheel train, as it 
is called, — i.e., to find out tow many teeth each wheel 
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would require, and how many we must bjive ou the several 
pinions to give the required speed to each. The scape 
wheel, acted on by a seconds pendulum, wa fouud must 
thirty teeth, as it must revolve once in a minute to 

iceive a minute hand ou the end of its arbor, the several 
'teeth escaping on each double swing of the pendulum 
■which beat seconds. We had nearly fallen into the 
mistake of making our scape wheel with sixty teeth; but 
study of an old Cycloptedia showed us that, although a 
tooth escaped at each beat at one side of the wheel, the 
itooth diametrically opposite to it was instantly caught on 
:iie sloping face of the opposite pallet, which was so 
f«rmed as to give the pallet a slight impetus each time it 
oscillates, so as to maintain the motion of ihe pendulum. 
Thus, practically, only half a tooth escapes at each single 
:1ieat of the pendulum, and thirty teeth are required 
taatead of sixty. This wheel, revolving once in each 
minute, we had to arrange an intermediate one, gearinjf 
into that which would carry the minute hand, and which 
must, therefore, revolve once in each hour, or sixty times 
as fast as the escape wheel. This escape wheel, with a 
pinion of eight leaves, therefore, we found must turn a 
yWheel of sixty teeth, which, with its pinion of eight leaves, 

,nst gear into one of sixty-four teeth to carry the minute 

,nd. Then comes the barrel, with its string and weight. 

'he spur wheel not being fixed to the axle, nor connected 



mm 



90 



soy ENGINEERS. 



rigidly to the barrel or drum, as will be explained, the 
pinion of eight leayea of tlie minute-hand wheel turns on 
a wheel of ninety-six teeth in connection with this dram. 




which turns bnt once in twelve hours. To enable our 
young readers more fully to understand the nature of 
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^K^is tram of clockwork, a sketch is appended here, the 
^Hteetb being omitted. Teeth, moreover, would be unueces- 
sary if the sizes of the several wheels imd pinions were 
correct, and there was uo slipping likely to take place, and 
this rolling contact, as it is called, is still used in various 
^■machines, bnt not in clocks. The number is affixed to the 
^"wheels to specify the number of teeth in each, while the 
Dumber 8 is that of the pinions. These, it must he under- 
stood, are small wheels fixed on the axle of the large ones, 
either close to the latter or at the further end, Beginning 
at 96, the main, or great wheel, as it is called, which 
turns once in each hour, we see it driving the pinion of 
eight leaves of what is called the centre wheel, because it 
is comraouly so placed that its axle, carrying the minute 
hand of the clock, shall project through the centre of the 
cluck-face. Ninety-six being twelve times eight, it is 
plain that while the great wheel revolves (mce, the pinion 
will revolve twelve times ; and aa the great wheel revolves 
once in twelve hours, this will revolve twelve times in the 
same time, or once in each hour, which is just what we 
require for the long hand of a clock. Of the short or 
hour hand, we shall speak presently, as it is not driven in 
any part of this train, but by wheels just below the dial- 
plate. 
jjl As the pinion revolves once in an hotir, the spur 
^nrheel 64 will do the same, because it is on the same 
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ax1ei and as there are eight times eight in sixty-foar, 
the pinion aod wheel marked 60 will revolve eight times 
while tlie ceotre wheel revolves once — i.e., eight times 
in hh hour. Now this works into a piDion of eight 
leaves on the arbor of the minute or ac;ipe wheel, and 
eight will not '*go" into aisty, as boys say, without 
leaving a remainder. However, it will " go " seven 
times and fonr over, which is 75 or 75 times; that is 
to say, this wheel will revolve 7j times while the second 
wheel, 60, revolves once. Therefore, while the latter 
revolves eight times (I'.fi., each hour), the scape wheel 
will revolve 7I times multiplied by eight, which equaia 
sixty; and this is again just what is required to carry 
the seconds band. We have worked npwarda from 
the great wheel to make the relative speeds of the 
wheels clear to the reader, assuming that this great wheel 
revolves once in an hour; hut although the number of 
the teeth are arranged for this speed, the governing 
power is ihe seconds pendulum working on the teeth of 
the scape wheeL It it'ould, however, come to the same 
thing to begin with this wheel as revolving once a minute, 
and so to work from it down to the great wheel which 
drives the whole. 

The next consideration was the pendulum, or 
the pallets, which were to act upon the scape wheel, 

We were sorely puzzled for a time between 
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L}i«1lets, dead beat^ recoil, pin escapement, and others, | 
l-<rf wliicli we found accounta in some old books ; bnt for 
our first clock we came to the conclusion that the old- 
fashioned anchor would be easiest to make, because it ' 
ouly needed ssiwlike teeth on the scape wheel, whereas 
the dead-beat pallets required teeth of peculiar construc- 
tion, which we doubted our ability to make. 

Eventually, we picked up a wheel and its pallefs 
ready made at a clockmaker's, who kindly presented ua 
with this important treasure, and took some pains to 
point out to us the principles upon which it was con- 
structed. The pendulum, as already explained, is, as 
he told us, the timekeeper, but it would soon cease to 
«wtug if left to itself, and the train of wheels set ic 
motion by the weight is necessary to give it through the 
scape wheel a sliglit impulse to and fro, to keep it in 
motion. One side of the teeth of the scape wiieel are 
-radial, the other sloping, and in this form of wheel the 
latter are the foremost, and fall in Buccession on the ends 
of the pallets. These, it will be seen from the accom- 
panying figure, are so shaped that the teeth falling on 
their rounded faces are first checked, and then tend to 
pnah the pallets from them, and so give swing to the 
■orntch or wire to which they are fixed, first in one 
direction, and then in the other, one of the curved 
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fiiees of the pallets being on the outside, and the opposite 
one on tlie inside. 

In the drawing of the clock train, the tooth, A, has 
just dropped upon the inner rounded face of the pallet, 
B, which cannot get free until the pendulum has swung 
far enough to allow it to escape. The tooth on the 
opposite side, however, has already escaped from the 
left pallet, upon which its successor will fall as soon as 
A gets free and advances, the scape wheel moving in 
the direction of the arrow. 

In the days of our boyhood there were many clocks 
in nse fitted only with an hour hand, and as there 
appeared to us certain difficulties connected with the 
minute hand, which would need what is called dial-work, 
if the two hands were ceniral, we decided to make use 
of a plan, which we afterwards learned was not uuusnal 
in astronomical clocks, but whicli we felt at tlie time 
to be a serious departure from ordinary rules — i.e., we 
fixed the hour haud to the axle of the great wheel of 
the winding barrel, which necessitated its going round 
backwards, the minute hand retaining its place on the 
pinion of the centre wheel The appearance of the 
clock-face was consequently that of the accompanying 
illostralion, in which is also displayed the scene 
of that dreadful, but constantly recurring, execution of 
the criminal already referred to. We discarded, however. 
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the origiiml characters, as ecarcely in accordance with 
our ideas, and called the tragedy the execution of the 
tyrant Bluebeard. I am afraid our carving of the wife- 
dastroyer in question would scarcely have found a place 
at the Royal Academy, the figure rather resembling one 
of those Indian or Chinese idols, or " Samis," to ba 
seen at the British Museum and elsewhere. We en- 
deavoured, however, to produce a physiognomy of the 
ferocious type, which a blue beard of wool considerably 
enhanced. 

This subject enabled ns, however, to add one or two 
Btartling accessories, which were very effective. We made 
at one side of the stage a cupboard containing a headless 
skeleton, popularly supposed to be that of one of the 
lacklesa wives. Anatomists might possibly have been 
fonnd to euggeat that a mouse had originally owned the 
bones, but anyhow it was a skeleton, and a real one, and 
the door of the cupboard which contained it was forcibly 
flung open each time that the executioner did his duty, 
while at the same moment, two or three strokes upon a 
deep-toned bell proclaimed the sentence of the law to 
have been duly carried out, A black flag was also 
hoisted, and remained a few moments as a silent corrobo- 
ration of the fact. 

There is so much amusement always attaching to 
automata of the above kind, that all the details of 
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the ways and means will be added. Most of such move- 
menta are very simple, and tliey become all the more 
amusing by being accomplished iu that peculiar jerky 

Latyle with which, to this day, the figure of the cuckoo 
Mrforms his part in the Swiss clocks, which are as 

' much prized as ever, althoujjli so comparatively common. 

Let it be noted that a woman holds the dish for the 

reception of the crimiual's head. The female in question, 

) young and so lovely, ia supposed to be that happy bnt 

pinqnisitiye Burrivor who held the position of last wife to 
the tyrant ; and we subsequently regretted that we had 
not placed " Sister Ann " upon the house-top waving 

I her hand to the expected brothera. The difficulty resulted 
not from our lack of the requisite mechanical skill, hut 
Ifrom the fact that the decapitation of Bluebeard showed 
the brothers in question to have already arrived upon the 
scene. 
We must now recur to the clock train, of which a side 
▼iew is given here in fig. 9, in its place in the frnme- 
work, which was made of beech, the holes being bushed 
with little hits of brass wire, drilled to receive the pivots 
of the several spindles. The numbers of teeth on the 

I wheels and pinions are here specified as before, but the 
Way in which the latter gear into each other will be more 
clearly understood, as the axlea or arbors of the wheels 
Bre clearly displnyed. P shows the position of one of the 
k 
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Fig. 9.— ClookTraln. 
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arms of the ancliiir pallet, attached to the metal rod V, 
called the verge. This passes through the inner frame at 
H without touching it, and also through the back frame, 
and is pivoted on a piece of brass of the form shown, 
l^which is screwed to the woodwork. This was done 
partly to insure the easy working of the pendulum, and 
partly for the greater ease of getting the verge into its 
place. D is called the crutch, and is formed of a stout 
wire screwed into a small boss upon the verge. It is bent 
out at E, or has another wire inserted at that point, 
which falls into a slot in the rod R of the pendulum, as 
shown again at G-, or a fork is made at E, in which the 
pendulum hangs. Tlie pendulum, therefore, it will be 
seen, is suspended independently of the verge and pallets, 
being hung from a projecting etvid at T by means of a 
thin spring, S, or a bit of silk or other substance allowing 
it to swing easily and freely. In onr clock, the pendulum 
of wood had a saw-cut made at the top extending half an 
inch downwards, and into this we inserted a bit of watch- 
spring ground very thin. This was slipped into a saw-cut 
in the stud T, and secured by a pin passing through it. 
The form of the rod was like W in the cross section, that 
it might oscilhite with little resistance from the air — a 
refinement acrircely necessary, considering the general 
□atiire of the workmanship and design. 

It was necessary to wind the clock from the back, 
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owing to our putting the honr hand iijiou the spindle 
of the dram and great wheel. The sqnared part of the 
spindle B wns therefore niade long enough to reach the 
bock ^me, in which an opening was left for the key. 
This we anhsequently found bo great a drawback, 
necessitating onr taking down the clock to wind it, that 
we grooved the barrel like X, and made use of a chain 
which merely bung across it in the groove, and had 
8ii£Ecient hold in the latter to prevent slipping. To wind 
it, we then only had to lay hold of the other end of the 
chain, which had a light weight attached, and pull it, the 
ratchet and click answering the same purpose as when we 
nsed the drum with a long cord wouud about it. To 
insure the chain against any chance of slipping, we drove 
in all round the bottom of the groove short wire pins, 
which caught the several links as the wheel revolved. 

The figures were made to perform their several parts 
in the fallowing manner: — In fig. 8, it will be noticed 
that the executioner and vengeful wife both stand within 
a small circle, which represents a little platform pivoted 
vertically upon a wire axis. The arm of the woman, it 
will be observed, is also pivoted at the shoulder, so as 
to allow it to move up and down. The object of this 
is to cause her to raise the plate level with the victim's 
chin just before the fatal deed is done, immediately 
after which the head is carried forward upon the plate 
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■fay the rotation of the fair lady uiion her axis. The 
latter movement alone upon the part of the executioner 
enabled him to do his duty, wliich we compelled him to 
do at each quarter of an hour. All the movements were 
done by jerks, as usual in such automata, and which 
made the whole scene ten times more grotesque than if 
accomplished in a graceful manner. To begin with the 
executioner. The movement of thia terrible person 
needed to be especially sharp and sudden ; we therefore 
accomplished it by the release of a spring, bent gradually 
by a cam until the latter waa released at the appointed 
time, and then gradually bent agaio until the fatal hour 
recurred. 

In fig. 9, W is a stent wire pivoted at the lower 
end into a horizontal arm of braes attached to the frame ; 
at its upper end it carries P, the circular disc on wliich 
the executioner stands. X is a flattened pin fixed to 
the upright wire, which is acted on by four projecting 
studs fixed at equal distances into the face of the wheel 
60, so that one of these studs comes into actiou at each - 
quarter of an hoar. A second projecting pin, Y, is 
constantly pressed by the wire spring S, fixed below 
into the brass plate wliich carries the wire W. Suppose 
that in its present position the spring rests lightly 
against Y, and that the executioner's sword has passed 
under his victim's neck, the beard preventing the space 
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between the neclt and shoulders left to admit the sword 
from being seen. The figure must now gradually rotate 
on its nxis, so as to draw the sword back again, and when 
a certain position has been reached the figure has to 
be released suddenly, and carried round by a rapid 
movement so as to cause the sword to p8.«s tbrough the 
neck, at which moment also the head must be jerked 
forward into the diah. This is done by the pins in 60 
pressinfj against the little pallet x as the wheel revolves, 
by which action the other pallet presses back more and 
more the spring S. This will go on, causing tbe figure 
to rotate and draw back his sword until the pin escapes 
from X, when the spring S, being now fully strained, 
will be able to act suddenly on tbe pin T, and the 
executioner will deftly repeat bis fatal work. 

We must now turn our attention to tbe head. Tliia is 
fixed to tbe end of a steel wire passing easily through 
a hole in the inner frame, AH the parts must be made 
to move as easily as possible, to prevent the clock from 
being stopped by their action. For this reason the 
spring S must be only just strong enough to give rapid 
motion to the figure. H is a long light spring of 
hammered brass or steel, fixed at one end to the frame, 
and at tiie other to tbe horizontal wire carrying tbe 
head. Tbe latter, if bkckeued, will not show, the back 
of the stage being also painted a dark colour. N ia a 




wooden ■wlieol on the axis of tte honr wheel, into which 
is fixeJ four etout wires bent as shown, which alternately 
act upon the spring H, They are heut so as to slope 
gradually from the wheel a short distaoce, after which 
they nre jmrallel to the surface of the wheel; they then 
turn sharply down and are fixed into the wood. Tliis 
sharp bend of each comes exactly oppu^ite the pins on 
the other side of the hoar wheel, and act at the same 
moment. The wire spring H ia bo bent and so placed 
that, as the wheel N revolves, the bent wires catch it 
first on their inclioed part, which pressing back the 
spring, gradually draw the head of the figure hack until 
it rests upon the neck, and remains during the time that 
the flat part of these wires touch it. But juet as the 
sword of tlie executioner falls, the spring drops off the 
wires suddenly, and the head is shot forward ia an 
instant upon the plate, looking as if wholly detached, 
especially if seen from below as the clock hangs on the 
wail. As the wheel coctinues to revolve, the spring is 
gradually pressed back again, rising upon the inclined 
surface of the next wire. What are at first sight 
complicated motions are thus readily produced by a few 
bits of bent wire. The arm of the woman is raised by an 
equally simply contrivance. An eccentric pulley of box- 
wood, L, is fixed on the axle of the hour wheel 60, the 
eccentric hoop or strap being a hit 01 wire titiiug ;;. 
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easily, and twisted together at the ends. To this is 
attaclied a bit of silk, K, the other end of which ia 
tied to fln extension of the arm of the figure concealed 
by the dresa, as ia also the silk cord. The arm and 
its attachments only are here drawn. M is tiie pivot 
on which the arm is hinged at the sbonlder. The 
eccentric is so placed that it will draw the string tight, 
and cause the plate to rise level with the head, just 
at the moment the latter is about to be cut off and 
thrust forward, bo that it is apparently caught very 
cleverly. As the eccentric continues its revolution the 
arm with the plate is allowed gradually to drop, the 
plate being slightly weighted with lead to keep np a 
proper tension of the silken cord. 

The black flag ia hoisted at the moment of execution 
by the upper part of the long spring coming in contact 
with the end of the bent lever, and pressing it suddenly 
forward, thus raising its straight end, which forms the 
flagstaff. All the various movements have to be exactly 
timed, but present no great difficulty. The eccentric, for 
tuatauce, is lightly pinned until its action has been tested, 
and then it is secured. The wheel is also tested before 
being fixed on its axle, and the Fprings and wires will 
need only a little careful adjustment by means of the 
pliers. The long spring may be of watch-spring, straight- 
ened by being pinched in a fold of stout leather, and 
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drawn a few times betweeu tbe finger and thumb or tbe 
jaws of a vice until the earl 16 taken out. Brass wire, 
however, is equally good for the purpose, and if 
Immmered or drawn through a conical hole iu a steel 
plate, so as to compress and harden it, is largely used 
for this purpose by organ and harmonium makers and 
others j and if a turn or two is taken by winding it round 
a small iron rod, as shown here, makea a pleasanter, and 
to some extent a better, spring than the steel. If used, 
it should be flattened where it has to act against the lever 
of tbe flag, or any similar part of the mechanism. The 
opening of the skeleton cupboard is not detailed on 
purpose to exercise onr reader's ingenuity. It was made 
to fly open with a jerk a few seconds before the decapita- 
tion of the crimiuah The ingenious youngster who may 
chance to read these pages should devise various acces- 
sory movements — as, for instance, a bell to strike before 
the execution takes place. A small lathe and a very few 
simple tools and materials only are required to make tbe 
above. Tbe clock will possibly not keep very good time, 
owing to tbe extra work laid upon it of moving tbe 
automata, but if care is taken not to overload it, it will 
iswer fairly well as a timekeeper. 
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Chapter V. 

SOME MORE AUTOMATA. 

E succeeded bo well with what Bubseqnently 
obtained the uame of " that awful clock," that 
we thought we would try our iianda at a few 
more of these meclianical toys, and among 
them, onr next attempt was a piping bulidnch, such as 
we had read abnut, but not at that time seen. At first 
we did not hit upon the best mode of prodncing the bifd's 
Bong, but it answered fairly enough until we found out 
the better and simpler plan. 

This very pretty little mechanical songster was first 
brought into notice at the Exhibition of 185 1, where it 
found crowds of enthusiastic admirers. At Paris it met 
with equal honour, and, indeed, although called a piping 
bollfiuch, the real toy was a number of birds on & tree 
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nnder glass, hopping to and fto, and chirping and 
twittering most naturnlly, their wings fluttering and 
beaks moving, and even their throatB expanding and 
quivering as if alive. They were formed as we made our 
own, of the skins of real birds over a framework of wire 
and wood, the skeleton being preserved where possible. 
Our own was, of course, but. a humble affair, as we con- 
touted onrselves with a little movement of the wings and 
quivering of the beak, our chief attention being directed 
to the mechanical arrangements for producing the bird's 
song. This part of the apparattis we made so as to serve 
permanently, as we intended from time to time to change 
the warbler, arranging the notes to suit the particular bird. 
The lower part of the stand contained the meciianism, a 
tree branch forming the perch, upon which any bird could 
be mounted at pleasure in a few seconds. We had a 
linnet, goldfinch, and bullfinch, and subsequently added 
on a separate branch a thrush ; and I still think that, for 
mere youngsters, we managed to giye very good imitations 
of their respective songs. We pubsequently, however, 
attempted a atill higher flight, not by the addition of a 
skylark, but by an attempt to imitate the song of a 
nightingale, which, it is well known, has a greater 
natural variety of notes than any other of oar native 

m songsters. 

^1 We had first to consider the wind-cbest or bellows, and 
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here we found a few experiments necessary. Our first 
idea was to msite a miniatnre pair of double bellows, like 
those of a blacksmith, to keep up a continuous blast, and 
to attach to tbe upper part a short whistle pipe, with 
keys like those of a flute, to bs acted on by a series of 
little tappets on a barrel, pinned like that of a musical 
box, A trial of this, however, did not satisfy ua, as it 
was found impossible to imitate successfully the trill or 
quiver of a bird's song. We consequently discarded 
the double bellows for a pair of single acling ones kept 
open by a spring inside; and on trying these with a 
common whistle of one note only, tapping the movable 
board of the bellows with tbe fingers, we found it more 
hopeful. We found, however, that although a whistle of 
one note would give, for that note, the kind of sound 
required, it did not answer so well with two or three 
notes and keys, but that it was necessary (as in a 
cuckoo clock) to have one distinct pipe for each note with 
its own separate single bellows, unless we inserted a wind- 
chest like that of an organ between the bellows and the 
pipes. We were decided on tbe latter course accidentally, 
by hearing an organist shaking upon two keys of very 
high pitch in an organ that was undergoing repair or 
being tuned, and the notes, chanciug to be very nearly 
those required, sounded so birdlike, that we no longer 
iesitated to adopt the above plan. 
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TVe commenced by making' a sliallow box of qnarter- 
iiicli deal f(ir tbe top and boftom, but with the end 
pieces as well as the back and front of half-inch stuff, 
which at once gave strength and neatness to the work. 
In the top board were fonr holes for pipes, and under 
these were four pull-down pallets, like those of an organ, 
hinged with leather, the same strip serving also to face 
and render them air-tight. These were pulled down by 
brass wires hooked info eyes or rings in each, and they 
were kept up by springs also made of brass wire. The 
pnll-down wires, hanging straight down from the pallets, 
passed of necessity throngh holes in the lower board of 
this case or wind-cheat, through which it was necessary 
that they should move easily, but without allowing wind 
to escape round them. They were not indeed air-tight, 
but by careful drilling were sufficiently so for our purpose. 
Although, however, a little leakage was not likely to be 
af great importance, we glued a strip of leather along the 
bottom of the wind-chest, to form a kind of padding 
where the wires passed throngh, which, fitting closely 
round them, made the case tolerably wind-proof even 
under full pressure. As we foresaw difficulty in attaching 
the pull-downs to the pallets, we left the front of the 
chest open until they were arranged and hooked to their 
respective loops, and we also took care that the ends of 
the pallets should come as close to the front as possible, so 
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that with a Bmall pair of pliers we could easily manage 
the work. 

In all our sobBequent automata, as well as in this, we 
foand that we always saved much time and temper by 
careful consideration beforehand of all such minor details. 
If every individual part is not planned with due care, it 
IB almost sare to be found when too late that some wheel, 
or wire, or lever, cannot by any possibility be got into 
its place. 

A story is told of an architect who, after he had 
planned a house, and had it partially built, suddenly 
discovered that he had forgotten to provide for a stair- 
case, and as by no possible contriving could he after- 
wards insert it, he hit upon the Swiss method, and put it 
outside, introducing thereby a novel feature in English 
domestic architecture, and making a name and a fortune 
out of a miatalce. It is not, however, easy to act in a 
similar way with a badly-planned piece of machinery, and 
an oversight in such a design entails a very good chance 
of fnilure in its working. 

Happily a little forethought, and, let it be confessed, 
B little previously dearly-bought experience, enabled 
ns to escape this dilemma, and we had no difficulty of 
the kind to contend with on the present occasion. 

Having completed the little wind-chest, which was 
three inches long, an inch and a half wide, and an incfa 



f 



SOME MORE AUTOMATA. 



we attached it to a framework which allowed 
the bellows to he placed below, leaving room above 
them for the working of the levers which were to act 
ou the pull-downs. A sketch will, however, make thia 




part of the arrangement clearer than any mere verbal 
description. 

A section of the wind-clieat is given at AA of fig. lO, 
and thia was concealed in the stand of the antomaton. 
The pipesj BE, which are here represented as standing 
□pright, were also laid flat on the top of the wind-chest, 
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li short bit of lead gaspipe coLnectiug tliem with the 
wiDil channels and valves below. Tliese valves or pallets 
are eeea in crotjs section at CC, and again at. Z as seen 
from below, aod at MN as seen from one side. In the 
latter fii,aire, M ia a crom section of the wind-chest 
with the lower end of a pipe inserted, P is the pull-down 
wire, and N the spring which keeps the pallet elint. 
A light spring eufBced, as the tendency of the pres- 
Biire of wind in the chest; waa also to keep the valves 
close. 

KK are feeders, or the movable parts of the bellows 
hinged at HH. These drive the wind into the upper 
part or reservoir, L, through two valves in aa, the fixed 
board which separates the upper and lower parts of 
the bellows. These valves, not shown in the drawing, 
are merely flat bits of boiiril faced with soft leather 
covering two holes. They open upwards to admit wind, 
but shut dowo air-tight when not thus raised. There are 
similar ones in the bottom hoards of the two feeders. 
Tlie hitter are worked alternately by means of a rocking 
lever, GG, centred on a pivot, the ends being connected 
by wires, FF, to the cranLs at each end of the barrel, 
as will he explained presently. 

GG are coiled springs to press down the top of the 
reservoir, and drive the wind out into the chest, oo. 
The wind passes up a short wind trunk, D, at the back, 
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and is merelj- a square wooden pipe opening into 
the upper reservoir at a point in the central lioard, aa, 
to which its lower end ia attached. The chest is thus 
kept full of wind at the necessary pressure to cause the 
pipes to Bpeak as booq as either is opened hy pulling 
ts pallet. 
In the section it appears of necessity as if the bellows 
level with the front of the chest, and the pallets just 
ahove it. In the other drawing, however, to the right 
hand, T is one of the pull-downs, and V a second lever 
rocking shaft going to the bellows, which are placed 
k beyond the plane of the pull-downs. These are 
worked hy the arrangements shown. R is a lever of 
brass one-eighth thick or leas, hinged at its centre. 
One end ia filed to the shape shown, the other is flattened 
.d drilled to receive the end of the pull-down which 
through it, and is screwed to take a nut below. 
By means of this not the tension of the wire can be 
regulated with great nicety. O is the end of the barrel, 
which is exactly similar to those of organs, J being u 
part of the same seen in front, with one crank, I, fixed 
to the end of the axle. At W is seen the same crank 
with the wire which leads to the rocking shaft of the 
illow), as already explained. Q shows wire staples of 
lengths driven into the barrel at intervals, 
ley are shown also at J. By means of the end of the 
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levers R, of wticli one goes to each pall-doTn, motion 
in comniuDicated to the pallets, which are opened by 
the actiou of the Btaplea aa the barrel revolves. If a 
staple is long, like that showti, acting on the lever, the 
valve of that particular pipe is held open for a long 
time, until in fact the staple has passed and escaped 
from the lever. Short notes are the result of the short 
staples, some of which are mere single pins, which hold 
the pipe opea for a second only. If, instead of a steady 
note, one is desired with a quiver or "trill," the top of 
the staple, instead of being made straight and level, ia 
indented or waved, so aa partly to open and close the 
valve with great rapidity. A shake between two notes 
is made by inserting their staples, so that they may 
act alternately. Four pipes, each with its own row 
of staples running round a barrel, suffice in this way 
to give great variety of song. By driving one end 
of a staple deeper than the other, the valve it is connected 
with is opened very gradually, giving a note of increasing 
loudness; and by varying the form and size of staples, 
every variety of note is ca[)able of production with great 
accuracy. 

In the present case, the barrel, being of small size, is 
just aa well made of a solid piece of wood. Willow, being 
soft, allows the i)in to be driven in very easily, and is 
what we ourselves used. Tlie staples were of brass wire 
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fiatteued ; bat though we flattened oors with a hammer, 
Ire subsequently discovered that wire can he readily bought 
drawn flat, triangLdar, or square, as well as round. 

A few particulars may as well be entered into here about 
I making the barrel, which may be mysterious to such as 
I know nothing about it. It is, however, a simple affair; 
|j and when we come to speak of onr grand attempt at 
I making an organ, it will be seen that to prick and staple 
I A barrel does not need such an unusual amount of brains. 
P-Ie short, a boy's braiu canister may very easily contain 
EScient gumption. Suppose, for instance, there are 
I four pipes, which have to sound at stated intervals, and 
for a stated period. Cover the barrel, if of mahogany, 
with white paper, or if of white wood, leave it as it is, 
, and while still in the lathe, draw four lines upon it at the 
distances of the four levers which are to work the pull- 
^OWBS and valves. Each of these circumferential lines 
lirill mark the position of a circle of pins and staples, 
|,each circle of pins acting only upon one pipe of the set. 
I Now, whether the apparatus be an organ, a musical bos, 
[ at oar bird, the whole tune has to he completed in a 
I single revolution of the barrel, and the pins and staples 
Lbave to be so arranged as to proiluce it. The tune we 
fcOnreelves required was not very iong, and it certainly 
i not very complicated. We may write it as — twitter- 
\ twitter-twit — twit-twit — twitter — twit — t - 1 — ticter-itter 
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— t.er — twit-twit; but we can't express the woDdrona 
l.rill, and elialte, and tremolo, like or unlike a bird's song, 
wliich we contrived to elaborate. 

We may cousider the tune to contain exactly eight 
bars. It was therefore necessary now to draw eight lines 
along the barrel lengthwise, which we were forced to do 
without that convenient addition to a lathe — a dividing 
plate and index. Tliis was not so difficult a feat after 
all, for we simply cut a strip of paper long enough to go 
round the barrel, and folded it into eight equal parts, 
and having drawn a line with a straight edge (the top of 
our lathe-rest) along the barrel as a starting-point, we 
marked the divisions at each end, and drew lines 
from one to the other. Each circle first drawn upon the 
circumference of the barrel was thus exactly divided into 
eight equal parts, either of which represented one bar of 
music. These main lines we ruled with red ink, to dis- 
tinguish them from those subsequently made, which 
denoted lesser divisions or shorter notes. Tliese larger 
ppacee were subdivided by black lines into four equal parts, 
which sufficed as a guide to the arrangement of the pins 
and staples. If we had, for example, been setting an 
actual tune in common or four time, each space would 
have contained one of the notes, and if, instead of 
one crochet, we desired a semibreve, we had but to make 
the staple long enough to span two notes or two divi- 



M 



SOME MORE AUTOMATA. 117 

sions. But in the preeent instance, we had not to 
compose music beyond the simple twitter-twit suitable 

, for our bird, so that very accurate subdiviaion was not 
necesaiiry. XY in the drawing shows a part of the upper 
board of the wiud-chest, seen from below, except 

■ that the openings under the pallets were round to receive 

I the pipes. The long slits are given to show at the same 
time the form always used in organs. We adopted the 
long pallet because it was on the whole easier to make 
than a round one. The leather which faced it formed 
also (as is usual) the hinge at Z. Tliis leather appears 
as a black line at the top of the pallet shown at MN. 

In this our first attempt we did not make the works 
Belf-actiug, hut led a cord fmm a large pulley on tlie 
axle of the barrel to a smaller one with a winch handle 

' attached to it, by which we set the whole in motion. 
In a better one made at a later date we used clockwork, 
moved by a spring with a fan to regulate the rate, as in the 
striking part of an ordinary clock. The whistles were 
made exactly like miniature organ pipes as sketched, in 
the construction of which no great difficulty presented 
itself. 

After what has been said about " the awful clock," it 
rill not appear very mysterious to the reader hnw wQ 

\ contrived to give motion to the bird, which was set upon 
a pedestal of rough wood with the bark on. Tlie pedestaj 
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being drilled firet, thea sawn apart lengthwisej and pnt 
together with pins after the wires concealed in it were in 
place. 

By this meane we could get at the wires readily to fix 
them at first, and subsequently, if they should at 
iiiiy time need to be altered or readjusted. The 
lower beak was carefully snipped off at the base, and a 
bit of wood glued to it so as to lengthen it inwards, 
and also form a lever, which moved upon a pin passed 
horizontally through it. This will be understood on inspec- 
tion of the drawiog of the bird's head : b is the pivot on 
which the lever turns, x the wire or silk going down to the 
machinery below. After the attachments are made, the 
skin is again carefully glued rouod the base of the beak. 
The wings were left hiinging to the skin, which made the 
joint, and were moved in a flattering way h^ a T-shaped 
Lit of wire, the stem going down the pedestal by the side 
of the other wire, and the cross head supporting the 
wings, one on each side, and concealed by the featljers. 
The movement was simply to raise the wings a little, and 
let them fall again, which was accomplished by tlie end 
of the wire resting on the edge of a wheel with undula- 
tions round its edge, and so fitted as to turn somewhat 
quickly but irregularly. This gave just the sliglit flutter 
required. We found it indeed quite possible to dispense 
with one wire in the pedestal, by attaching the end of 
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the thin lever, which was glued to the beak, to the wire 
which moved the wings. The same wheel moving both 
at the same moment, gnve an appearance of simultftneoua 
ntuscalar action very true to nature. 

In all these automatas, of which we made a gond 
many from time to time, we found that attention was 
much needed in producing similar movementa at 
irregular fitful intervals. When this is skilfully accom- 
plished there is less appearance of mechanical work, 
because nature works just with what we may call 
irregular regularity, and the failure even in such a 
collection as that of Madame Tnssaud's in giving a more 
natural appearance, lies iu the fact that the automatic 
movements are too regularly performed. They snggest 
clockwork the moment we look at them. 

The fluttering of the wings of our bird being de- 
pendent, as stated, upon a wheel with serrated or 
irregularly-notched edge, we had only to make each part 
SB different in outline from any other as we could, to 
secure the variable motions of the wings and beak. But 
we even added to this irregularity of movement, iu the 
following manner : — 

We drove the serrated wheel by a cord from a pulley 
on the aiiB of the barrel, but we made this pulley 
Blightly ecoeutric, so that the cord waa not always equally 
tight The result was, that when it was not strained 
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sufficiently to drive the serrated wheel, the latter was still 
for a few seconds, nntil the eccentric pnlley revolved far 
enough to enable it to draw the cord tight, when it of 
course started again. It was just so arranged as regards 
eccentricity that it made the cord tight enough to work 
for the greater part of its revolution, and only slacltened 
it fur about one-sixth part, during which the wings and 
beak when worked together ceased to move ; and when 
the latter was the case, we of course took care that the 
warbling should also cease, by the absence of pins in the 
barrel nt that particular part. 

In making this automaton without having any oppo^ 
tnnity of knowing precisely the best way of doing it, 
we had to work literally note by note, without any other 
guide than the ear, aided by some recollection of the 
successive notes of the bird we hoped to imitate. By 
the help of a piano, however, on which to try the various 
modulations, and aided still further by a good-natured 
sister, who had the patience of Job, we succeeded, and 
fully accomplished our Belf-imposed task, and mighty 
proud we were too of our first warbler. 
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Chapter VI. 

OUR FIRST ORGAN. 

HE Bucceas of our songster, described in tlie Ust 
chapter, made ns ambitions to try our hands 
upon an organ. But we had to moderate this 
ambition, and be content with a small affjiir, 
on account of the cost of material necessary to be 
incnrred for a large instrument. "We were therefore 
limited to four octaves of notes, bot with one additional 
Btop we could somewhat extend the scale, and we deter- 
mined some day to try onr still in the fabrication of 
a much better "kist o' whistles," as amateurs' organs 
have been ignominiously named. 

In oar youth, alas I there were none of the pleasant 
and instrnctive mechanical works now in tiae. The 
''English Mechanic" was not even born, and the " Encyclo- 
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pffidia Brltannica" was oor sole teacher of the mystericB 
of an organ's inside. 

We might have much simplified matters had we not 
aspired to the one stop, which entniled, in addition to 
a wind-chest, a sound-board — a part far more complicated 
than its name wonld indicate, as it is not a board at all, 
but a shallow box with slides to cut oflF or open the 
various rows of pipes as may be required. In large 
instruments there are many of these souiid-boarde, and 
the pipes are nnmbered by thousands. In the organ at 
the Albert Hall, Kensington, there are rows and rows of 
stops one over the other, but all within reach and com- 
mand of the organist. 

There is not, after all, any very great difficulty in organ- 
bnilding. It is merely joiner's work well and soundly 
done. But the pipes offer difficnltiea peculiar to them- 
selves. They may simply sound a noise, or a note ot 
music distinct and decided. Nothing but practice will 
enable any one to make a thoroughly good set of pi])es, 
even in wood, and metal ones are hardly within the 
province of boys, or indeed of the majority of their 
elders ; bnt a boy may mabe pipes sufficiently well to 
give a very fair tone, and may construct a small organ 
vhich will give him and others both amusement and 
pleasure. 

The prime mover, as it may be called, ia ol coarse 
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wind supplied to the pipes from the bellows, which 
are of the double kind, like those of a blacksmith, but 
alwiij'B maile of an oblong shape, aud generally occapjing 
the lower part of the instrument next the floor. Some- 
times, however, the bellows are conveniently placed else- 
where, and are set on end instead of lying horizontally. 
From them the wind in a high pressure state passes up 
the wind trunk, a wooden pipe of square or oblong 
section, which is often provided with a valve at one side 
opening outwards, and kept close by a spring. This ui 
to provide against any sudden forcible impulse of the air 
ty the fault of the bellows blower, as a sudden gnst 
opens the valve and allows of the escape into the air of 
the wind in its compressed state, so that only a steady 
and uniform blast is conveyed into the wind-cheat, and 
M&ence through the channels in the sounding-board to 
lithe pipes, by means of the slides and keys. Plenty 
■of wind steadily supplied is of the first necessity, and if 
the bellows are too small, the instrument can never 
prove of much practical value, but excess of wind is 
■easily got rid of by a simple plan of escape-valve, 
[Which acts as soon as the reservoir rises to an undue 
leight. 
Turning our attention, therefore, first to the bellows, 
ley are found to consist of three boards connected 
;ether on all sides by an envelope or casing of leather. 
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Ill the lower and middle boards are flap valves — pieces of 
wood covered with leather aud hinged to open upwards, if 
the bellows are to lake a horizontal position. Tlie hioge 
is made by nailing down the leather which forms the 
face of the valve, and which is cnt long enough to 
permit of its being thus used. In double bellows the 
middle board is fixed to the framing, and the lower 
one is worked up and down by tlie lever or rockiog staff. 
As it falls, air rushes through the valve, but canuot again 
escape, and is driven by the raising of the lower board 
through the middle valve into the upper part of the 
bellows, or reservoir, as it is called in an organ. The 
upper board forming the top of this reservoir is pressed 
down by springs or weights, and drives the wind oat 
into the wind-chest through a pipe or trunk, generally of 
wood, which opens into the reservoir just above the central 
board to which it is fixed. 

Bellows, however, made in this way would be apt to 
rise and fall very irregularly, and would not he compact 
when closed and empty. Between the several boards, 
therefore, alluded to, there are oblong frames of wood, to 
the edges of which the leather is nailed ; these frames 
being the same size as the hoards. These keep the 
leather exteuded equally on all four sides, and rise and 
fall as the bellows are alternately expanded and closed. 
In addition to these, there are also crossed guides hinged 
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by a pivot to the comers of the boards, and also piDDed 
togeilier where they cross, which compel the boards to rise , 
horizoutally aud equnll}'. 

The boards and fiames are generally of ash or elm, 
■which are tough durable woods, not liiible to split by I 
driving the nails to attach the leather. They should ha J 
dry and well seaBoued to prevent the risk of warping, I 
which, however, would not be so fata! in the bellows i 
to the wind-cheat and other parts. Any soft and 
pliable akin will do for the bellows of a small organ. 
That called basil is very general, and is prepared in a 
particular way for the special work. 

It may, however, he mentioned here, that in a large 
church organ of modern construction, the bellows are not 
made like house or smith's bellows; there are the three 
main boards, Imt the intermediate part is not wholly 
of leather, but of boards with leather joints, enabling 
them to fold closely together and to rise evenly on 
<1] Hides. They are made, in fact, like the bellows of an 
ordinary Accordion, except that in that instrument the 
thin boards or r'lhs are of card instead of wood. They 
require a good deal of careful cutting and fitting, but are 
vastly superior to bellows wholly mside of leather, and 
■re therefore no .v universally adopted. Made simply 
of three hoards with intermediate stretching- frames, there 
is the advantage of not requiring corner gussets and such- 
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ich are so difficult to cut and fit properly; 
ler band, more leather is Deeded, making 
1 of cost, and the finished work ia not so 
neat. Both methods are given, however, here, for we 
used both, and I think with about equal success. In the 
ensuing description, however, the orthodox plan will be 
described. 

For the wind-cbest we used deal, straight-grained, 
clean pine, as dry as we could obtiiin; and never did we 
find greater need of sharp, finely-set planes to square up 
and render it true in all directions. By this time, 
however, we were tolerably versed in the practice of 
joinery, and had satisfactorily passed that Pons Asinorum 
of amateurs, the art of planing. The pipes were also 
of deal, with the exception of the caps and blocks, 
hereafter to be described, which were made of mahogany. 
The lower conical tubes, which fitted into the holes of the 
Bound-board, however, we made of beech, as being easy 
to turn, and already part of our stock-iu- trade. The 
keys were not altogether home-made, for we managed 
to purclijise an old worn-out piano of ancient date, whose 
keys we modified to suit our purpose. They were rather 
narrow, and the ivory finger-plates do longer of the 
delicate colour which gives such beauty to the keyboard 
of modern instruments. They nevertheless served us 
very well, and saved us a great deal of difficult work. 
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The four octavee of tejB occupied a length of two feet, 
and consisted of forty-nine notes, beginning and end- 
ing witli C natural. From tliis we took our varions 
dimensions. Forty-nine notes with two stops required 
ninety-eight pipes, so that we certainly had our hands full 
of work, as our heads were full of ambition and of hope. 
The organ was, iu fact, of very fair and serviceable size, 
and, well handled, was capable of tlisconraiug much mu^ic, 
despite many slight defects peculiar to the work of 
youthful amateurs. 

As the keyboard required a width or length of two 
feet, and an organ pipe of wood, being wider than a single 
key, would need more room, we saw that we should 
hardly be safe with a sound-board on which these pipes 
would be placed, of less than three feet, even if we put 
a few of the large pipes in front, and carried the wind to 
them by leaden feeders. We therefore made it four 
feet, so as to err, if at all, on the safe side. The bellows 
might, we considered, be less, and wo made them three 
feet by eighteen inches, which proved sufficient. 

The annexed illustratious will show the relations of 
wind-chest and sound-board with the mechanism of the 
stops, by which one or more rows of pipes may be used 
at the discretion of the player. 

In fig. II, the Boand-board ia seen partly in section. 
It eonsista of a strong shallow box, divided into channels 
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by biira planed very true, the ends of these being let iuto 
the sides of the chest Great care is taken to render 
the cliauiieU thus furmed jierfectly air-tight, even against 




the foil pressure of wind that can be brought into them 
by the bellows. There mnst be as many of tlie-tf 



channels as keys, each answering to a single note. It | 
may be explained at once in this place, that the reas 
the channels are needed is, that every single note of I 
an organ may have several pipes of wood or metal, of I 
which, when & key is pressed, one or more may sound ba j 
may fee desired. Taking the first channel, therefore, of | 
onr orgsn, al! the pijies standing over it were tuned to 0. 
We had hut two pipes to each note, tut if the sound- 
board were wide enough, it is plnin that several might be 
ranged over the same channel. This sonnd-hoard being 
BO far completed, the upper hoard is glued and screwed I 
on, 'but generally the whole of the bottom board is i 
attached, a part of the bars appearing nnderneath until 
the pallets are put on, and the wind-client, which covers 
and conceals thetn. In our small organ, however, we 
covered the whole of the bottom of the bars as well as 
the top, 80 that none of the inside arrangements were 
Tisihle. 

Before screwing on the top and bottom, we took care 
to glue the edges of all the bars, as well as those which 
formed the outside or frame, and while the glue was hot 
we put on the boards, and drove the screws home quickly, 
making all perfectly wind-proof. 

"We now had to arrange the stop, and our method of 
doing BO will explain that adopted in large organs. 

The object of a stop is to shut off any row of pipes, 
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snd therefore it has to act upon all the channels at the 
same tinae, Snppose a hole to be bored, H, over each 
channel, through which the wind wonld pass if a bey 
■were pre.*sed down ; and suppose a row of pipes, properly 
tuned, placed orer such hole, any of these might be 
sounded at pleasure. Let the pipes be now removed, and 
a long strip of board, S, laid along; over the holes, with 
boles bored in it to match those below. It is erident 
that a little movement of this board lengthwise would 
close all the holes eimultaneously, so that if the pipes 
stood over the slide, not one of them would sound nalesa 
the slide were again shifted, so as to make the holea 
coincide as before. One such slide is arranged for each 
row of pipes, and is called a stop, and named by the title 
given to the pipes in that row, whether of wood or 
metaU 

The slides are arranged thus : — Strips of clean deal or 
mahogany, HH, are glued down at distances equal to 
the width of the slides, and of exactly their thickness, 
reaching from end to end lengthwise. These are the guide 
bars between which the slides move. The slides them- 
selves are preferably made of well-seasoned mahogany, 
as not being liable to warp and twist, because it is 
absolutely necessary that they should move smoothly and 
easily, and without shake. Upon the edges of these 
bars, which are from half an inch to an inch thick, or 
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in large orgitns even more, are glued strips of brown 
paper, on which resta the top board, which is bored at the 
same time as the top of the sound-board ami slide, to 
receive the ends of the pipes. The paper raises this board 
Tery slightly, just so much as to let the slides free. The 
first guide strips are glued on flush with the top edge 
of the sound-hoard, ao that when the top board is on, and 
screwed down, it forms with the top of the sound-board 
another very shallow box divided by the guide strips 
into long channels, but wider channels than those before 
described. In fact, as regards the shallowness of this 
part, it is of course dependent on the thickness of the 
elides and the guide strips between them, and we found 
three-eighth stuff amply sufficient for the purpose, making 
the depth and thickness of the strips equal. 

Dividing the total length of the sonnd-board into 
eighths of an inch, in order the better to find oat 
the width we conld afford to each channel, and taking 
three-eighths as the thickness of the strips by which to 
divide it into the several compartments, we found that we 
had 288 eighths, which would give ns forty-nine divi- 
sions of more than five-eighths, but less than six-eighths 
each. These would include the strips and the channels, 
BD that if these were equal, we should have, roughly 
speaking, three-eighth strips and three-eighth channeJe. 
Bnt as some of the large pipes needed more wind than 
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Buch email channela seemed likely to carry to them, we 
made some fully six-eighths, and others only qnarter, and 
also used quarter stuff iostead of three-eighths for a great 
part of the distance. The oateide of the framework 
waa, however, all of inch stuff, as this had to receive 
tlie BcrewB by which the top and bottom were fastened 
on. 

Oblong holes, or two holes a little distance apart, were 
now necessary, as at M, in the front part of the lower 
board of the sound-board communicating with the several 
channels, over each of which holcB the pallet had to ba 
fitted. In large organs the bottom board would have 
ended, as shown, towards the right hand, so as to expose 
the bottom of the bars, which would of course have 
answered aa well, the pallets being fitted to cover 
the spaces between the bars, and prevent wind from 
entering the channels. We thought it would be easier 
to work in the other way. 

At P is a section across the centre of the sound-hoard 
and wind-chest, which, with the jirevioaa description 
Rnd illustrations, will make the whole arrangeraetita 
quite clear. Here a will represent the upper board of the 
Bouud-board, above which is the rack for pipes — a board 
supported on short pillars, and bored to fit the turned 
feet of the pipes and keep them upright. The white 
space, J, is that of the slides or stop-boards ; c, the ujjper 
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board of the Hoand-'board before the addition of the guides 
and slides; rf, one of the wind channels; and e the 
bottom hoard. Below this, which carries the row of 
palletHj g, ia fixed an oblong box running the whole length 
of the sound-board, and occupying width enough to allow 
the action of the pallets to take place within it. It is 
marked f, and is called the wind-chest. It receives 
its wind from the wind-tmnk rising from the bellnws, 
which may open into it at either end or at the back, 
as most convenient. Ours waa at the left or baas end 
of the iostruraent. The wire pull-down is seen at ^, 
which is acted on by the key direct in a small instru- 
ment 

It will be noticed, in this description of our organ, 
that I frequently generalise, in order, while describing 
the humble instrument which we contrived to make, to 
give the reader some insight into the construction of 
snch organs as are made for our churches by modern 
builders, the object being to make oar little yolnme as 
useful as possible, even to some few who may con- 
descend to peruse its contents, though the jacket has 
given place to coat-tails and other abominations of an 

ilt's dress. 

We must now return to the bellows, a small portion of 
which is illustrated here at BLB, and also at B2. The 
first is a side view, showing the wood and leather as seen 
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when the bellowa are partially distended ; the latter, a 
section showing the way in which the joints are con- 
strncted. In the first the leather is left white, and 
in both drawings it is marlied L. Tiie sectional view 
shows that the leather ia placed inside as well as outside 
the bonrds, the latter being bevelled off each way as at 
E, to allow the boards to fold together as they onght 
to do. 

It IB now necessary to enter into the mystery of pipe8_ 
both wood and metal. Of the latter we should certainJj 
have made a great mess, for they can hardly be made by 
amafenrs a great deal more practised tban we were in 
organ construction. We made our second row, however, 
in a way of onr own, and gave it the name of Hautboy, 
as being a kind of reed-stop, though I doubt if ever 
before or since a similar one has been made. An organ 
pipe is (omitting reed pipes) merely a well-made whistle 
on a large scale, although, perhaps, the latter phrase ia 
scarcely correct, since the smaller ones are really very 
small, not much bigger than a meta! penholder; but, on 
the other hand, some of the wooden ones are as much 
as thirty-two feet in length, and most organs contain 
sixteen-feet pipes, which are certainly Qoliatbs among 
whistles. 

Before setting to wort upon the pipes, we found it 
necessary to malce a sort of scale or guage, which I fear 
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was at best a very imperfect and incorrect one; but, 
as stated LeTore, we liad to hammer ideas out of our 
own brains, and to work with verv scanty in formation. 
After all, however, it strikes me that nothing is ulti- 
mately lost by a lad having to gain information by deep 
thought and experiment. Gained in this way, it is 
generally of a durable character, which is not the case 
with the superficial information which is the result of the- 
modern system of cram. 

We began quite at haphazard, by making a wooden 
pipe to represent the middle C of a pianoforte, or what 
I believe organ-builders call tenor 0. I cannot recollect 
what guided us in making this pipe four feet six inches long 
by two inchea each way, but possibly we asked some one 
who was euppostd to know all about it. However, when 
we tried it with on the piano, we found it about two full . 
notes lower than it ought to have been, and we cut off 
first one inch, and then another, and found it getting 
uearer to the required tone. We then reduced it by 
little aud little to four feet, and after some additional 
manipulation about the mouth, raising and lowering the 
block, which was fitted but not glued on tightly, we 
managed to get the note correct, if not exactly of good 
quality; but then we only tried it with the breath, and 
also the kitchen bellows. This was our sample of 
stopped diapason ; that is to say, it was not left open, but 
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was closed with a wooden plug, without which it wonld, 
ns we found by experiment, give a note an octave lower. 
The latter would be called in organ phraseology an open 
diapason, and in a large instrument the lower pnrt of 
this stop wonld probably be of wood, and the upper 
octaves of metal. The principle of the pipes would be 
exactly the same, as the sound is caused by the wind 
striking against the thin edge of the lip, and setting 
a column of air in more or less rapid vibration in the 
body of the pipe, 0T_fiue, as it is technically called. 

We found that for each note about the middle of the 
scale, the length of the pipes must diminish very nearly 
three inches ; but when the large pipes were reached, & 
difference required to be made of four or five inches. 
We heard afterwards, and subsequently proved, as usual, 
by actual experiment, that great variety of tone could be 
produced by varying the form of the flue. Thus a conical 
pipe did not Bonrjd like one with parallel sides, nor did 
a pipe with the largest part of such cone at the top 
sound like one with the largest part close to the lip. 
Again, we found it made a difference whether the thin 
edge of the lip was formed by bevelling off the pipe from 
the outside or the inside, and that the formation of the 
cap which covered or provided a channel for the wind 
also tended to modify the tone. 

The toning or voicing of pipes is indeed a very delicate 
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matter. Wood can be voiced to speak like metal, and 
metal to imitate wood so closely as to defy detection by 
any bat the most critical and experienced ear. It is 
higlily necessary tliat this skill in voicing, however, 
Bhonld be attained by those who hope to excel in organ- 
building, because it is requisite that precisely the same 
iqnality of tone ehonld run through all the octaves of any 
particular stops. It is not sufficient that each note 
should be accurate in tune or pitch, but it must match 
the rest iu what is called " timbre." A reedy note, for 
instance, wonld be intolerable to a musical ear if it 
occurred in the same stop -which gave generally a flute- 
like tone; and yet a skilful organ-builder can, if he 
choose, make the same shaped pipe give the two qualities 
of tone merely by the act of voicing it — i.e., regulating 
the force and direction iu which the wind shall strike 
opon the thin edge or lip of the pipe. 

I shall presently have to say a few words upon the 
secrets of voicing, but it was a performance we bad never 
even beard of. We made our pipes in the plain and 
simple manner which will be described here, and if they 
were not of firat-class quality of tone, they spoke evenly, 
and were in good tune; and this to boys like ourselves 
was a sufficient triumph for a £rst attempt. 

It would occupy a larger volume than the present, to 
detail the particular forms of pipes nsed in the present 
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day in organs of large size and variety of tone. It will 
be necessary to confine our reniarks to the two kinds 
denoininaCed "flute" and "reed" pipes, and of these 
sections and drawings are here annexed. Flute pipes, 
whetiier stopped — i.e., fitted at the top or open end with 
a plug, which always raises the note of any given length 
of pipe an octave — or open, consist of a flue, a block 
with its air space, and a cap," to which must be added 
a foot, which is the turned pipe on which the larger one 
stands, Had which carries to it the wind from the sound- 
board. 

I often smile now at the labour it cost us to make 
pipes, the mystery a pipe was to our minds, nud the 
many failures for want of a little advice by which we 
were compelled to purchase our experience. Of course 
I am now writing as if we found no such diflSculties, and 
merely stating rather how we snbsequenlly and rightly 
made the pipes, after obtaining a pattern one and a little 
kindly-imparted instrnction from a builder. 

The block, which is the first part to be considered, is 
merely, as the name indicates, a solid squared-up piece 
of wood, generally mahogauy. To give the sizes of a 
standard pipe of this kind, the bloclt A, fig. 12, is two 
inches long, one and a half wide, and one inch thick; and 
it has a piece cut oat of it as shown, which it is easy 
to do with a fine saw and narrow chisel. This block 
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must fae planed true upon all sides, or tlie pipe made 
upon it will evidently be ont of shape and Tiaeless. 

B is a section of the pipe, D a front view, the front 
of the upper part alone above the block, E the font, or 
conical pipe on which the whole stands, and which is 
seen iu sectinn in the first figure, in wbich the block is 
also plainly seen Ht H. Q- is the cap that fits on in 
front, and is so cut away on the inside as to cause the 
wind to strike on the sharp edge or lip above it, which 
lip ia made by cutting back the lower end of the front 
board, 0. This cap ia shown in perspective at K, wliere 
its form may be very easily understood. Ia the section 
of the pipe complete, B, the course of the wind can be 
traced without difficulty. It may readily he imagined 
that by leaving the month of the pipe more or less open, 
enlarging or diminishing the wind channel, adding to 
or diminishing the width of the pipe in proportion to its 
length, and otherwise modifying its dimensions, great 
variety of tone can be obtained ; and after pipes are 
finished, the operation of voicing is carried out, whicb 
consists in opening ont or diminisiiing the mouth, nicking 
the edge of the front board, and in various ways regulat- 
ing the size and form of the lip, so as to canse it to 
give mote purity of tone. So readily are variations of 
tone attained by voicing and modifying these pipes, that 
SD organ may have several stops or registers of wood — 



i.e., several seta of wooden pipes — of which no two shall 
Eoiiiid tlie least alike. A great deal depeutis on the 
sliape of the flue or body of the pipe, which, of course, 
nmy he made, as here, with parallel sides, or with the 
hoarils formed to produce a more or less conical tihajie, 
and thi'n again, the widest part may be at the top or 
helow. 

As we did not attempt to mate any metal pipes, I 
shall not describe them further than to say, that the flute 
or dinpasona are made oa precisely the same principle 
as those which 1 have detailed here, only no block is 
used, but the foot is continued to the month, and eo 
made as practically to serve instead of a block, it being 
so arranged as to throw the stream of air against the 
lip. This lip is formed by bending the metal inwards, aa 
may be seen any day in a penny tin whistle. These 
metal pipes are of all imaginable shapea aa regards the 
flue, hot the chief distinction recognised is, that some 
are reed pipes and others diapasons. This reed is a 
vibrating tongue of metal, which is tuned by a wire so 
arranged as to lengthen or shorten at pleasure the free 
end of the reed. We made a sort of reed pipe ourselves 
of wood, but it was a very troublesome job, and not very 
satisfactory when done. 

For this purpose we made our square flue pipe as 
tlKfore, bnt on the top of the block we fixed the reeds of 
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OD old accordion, one in each pipe, bo far as they wonW 
go : and having goou exhausted onr stock, we made the rest 
of brass, hammered to give it hardness and Rpring^. In 
fixing these, we had to hollow nnt the block, and 8o shape it 
as to enable the reed to project downwards, because the wind 
mnst strike on this projecting eide. We coald not there- 
fore mannge without first riveting the tongues to a bit 
of thin iron, which we then fixed with smaH ecrews to 
the block. We tried varioos modifications of tiie plan^ 
fixing similar free reeds inside the front board of the 
fine itself, and also in some other positions. We hoped 
to get a tone like a reed instrument, hautboy, or clarionet, 
for instance, but were onlj partiailr successful. 

In after years, when time and funds permitted v.% 
to launch out somewhat more freely in oar mechanical 
work, we found the experience of our younger days, and 
especially the many blunders and failures of those days, 
of great value; and our early attempts at organ-bnilding 
developed, by practice, into a facility in work of this 
nature which enabled as to build several very fair organs, 
which we sold at a good profit. But I think none of 
these grander and more complete instruments gave ns 
half the pleasure which we derived from that which we 
have been describing. 

The connection of the keys with the valves is, as may 
be supposed, almost precisely like that described ia our 
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lecbanical bird in the last chapter. It is illustrateil in 
(g. 13. A IB the key, pivoted at E, where there is a 
ijbit of brass between each key rising from a fixed board 
Lnderueath thera. This brass is tnevelj a bit of sheet 
iaQetiil beut sharply at right angles like tlie letter L, bo as 
-to fasten to the board at the bottom, and receive a wire 
itbrough the upright part; or it maybe — for we subse- 
quently BO arranged it — dispensed with, and replaced by a 
Biugle brass rod lying above all the keys in a deep notch 
in their upper part, as seen at K in section, and at 
;EXX, as seen from above. The rod is not abaolately 
eoiitiiKious the whole length of the keyboard, as it was 
difficult to get it straight of Buch length, but we made it 
in three pieces, placing blocks, P, to take the ends of each 
as shown at XX ; the keys on each side being cut away 
where they occurred. The ends of each length were 
tnade smaller, as at H, this reduced part entering holes in 
the blocks. We found it necessary to put a second row 
of the steady pins, F, about the middle of each key, which, 
thus arranged, worker) very freely and jileaaantly. It will 
be noticed that the puU-duwn wires which open the pal- 
lets, V, of the sound-board pass at C through a piece of 
;bent brass, and that they are fixed by a nut; this enables 
them to be strained to exactly the proper degree of tension, 
which is of importance, as they should be just so tight as 
to open the vaive when the key is lightly touched. The 
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black line under the wind-chest represents a plate of brass 
jittaclied to allow the wires to pass through nicely-drilled 
holes in it. This is a sufficiently air-tight arraiigemeut, 
while at the same time the wires work more freely tliau 
(hey would in a piece of wood. 

Tliere is not much more in the way of detail that needs 
illustration, as there is no difficulty connected with the 
bellows handle or leverage, by which the one stop was 
pulled oat and pushed iu. There was just a hell-cranked 
shaped piece of wood, Z, turning on a centre, and attached 
on one aim by a link to the slider, and by the other arm 
to the stop-drawer, H, a squared bit of mahogany with a 
turned handle. The method of attachment hy screwed 
wires and nuts allows sufficient play to the parts to 
permit the slide and stop to move in a light line, instead 
of partaking of the circular motion of ihe ends of the 
crank. By an oversight the part A of the key has been 
drawn as if standing considerably above the rest of the 
key. This is only the case with the black keys. Tba 
rest are level, but broader at the end A. The set were, id 
fact, as stated, originally made for a pianoPirte. The 
wire 2 of the stops must not he supposed to he merely a 
bit of hell-wire, hut is stiff enough to push back the stop 
as well as to imll it out. This will only answer for a 
very light slide, for other mahogany rods must he used. 
Hollers and trackers are also necessary in organs, id 
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wliich the keys are not npposite their respective pipes, 
bat we managed our email organ witliout tliem. 

Although iu some of the details — aa, for instance, the 
rollers just alludeJ to — organs are constructed differently 
to that here descriheJ, it has seemed better to stick as 
far as possible to the original plan of our little book — to , 
show how a pair of lads, using their own talents in their 
own way, triumphed over the difficulties met with, and 
succeeded in building an organ of small size but of fair 
tone, and capable of being played on with satisfaction to 
others as well as to themselves. In trying our hands, 
subsequently, at a larger concern, we altered many details 
whicli experience showed as needed improvement, and 
followed, BO far as we were able, the plan of professional 
builders. 

In resiiect of the last sentence there is a lesson to 
' be learned by experience. Boys and amateurs generally 
are somewhat inclined to follow their own devices, under 
the impression that their fi&j of doing things is at 
least as good, if not better, than thiit of professionals. 
Let them be assured that nine times out of ten they are 
wrong ; but there is nothing like experience to teach them 

I this. We boys (like other boys) were tolerably full of 
self-conceit, bet we very often failed utterly, and still 
more often partially, in our attempts at the various 
handicrafts, for want of knowledge and information 
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wliicli we would not condescend to ask, and after maay 
tiresome experiments, due to our conceit, we always 
discovered that we had set about onr task in an unwork- 
manlike manner, and we found ourselves at last working 
in the very way in which we slioiild have worked had we 
at the first gone to some one who had been trained 
to that work, and condescended to ask him to show us 
how to do it. A civil request of the kind is, moreover, 
seldom, if ever, r^fased to a lad by a professional. 
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OUR HOUSE 




E now began, like lads whose brains were some- 
what like the troubled sea, to hanker after a 
job of a heavier class, and the circumstances 
which led to our choice were as follows : — 
We had both left school, and having by no means 
was!ed our time, we were now to have a year or two 
at home under a private tutor, who was thoughtfully 
selected for us, not for his scholarly attainments alone, 
but for his predilection for mechanical and scientific 
pursuits. A Cambridge graduate in mathematical 
honours, his special task was to instruct us in the 
theory of engineering, which his own knowledge of the 
practical details enabled him to do with more than 
ordinary facility, because if we failed to lay hold of any 



mechanical law, he was often able bv a simple experiment 
to explain it to U8 in a way that at ouee fixed it indelibly 
apoD our minds. 

We had, of course, left out old workshop behind us, 
and not without a parting sigh of regret. I remember 
well how we went to \my a last visit to the scene of oar 
many happy labours, and removing the old notice boarda 
of '*No admittance" and "Beware of the bull-dog," 
we substituted another, which stated that " the car- 
penter's sho[i and engineering establishment was per- 
manently removed to larger premisea." 

These larger premises consisted of an orchard within 
the parental estate, in which we now proposed to erect 
a new workshop. Thia, however, was to be a combina- 
tion of shop and study, as we fancied it wonld assist our 
mental toil if it was carried un in close proximity to the 
scene of our various handiworks. For this purpose we 
determined to build a workshop with a study opening out 
of it, and by our father's kind liberality we were enabled 
to procure the raw material suited to our requirements. 
The only stipulntion miide was, that we should construct 
the building iu a workmanlike manner, and not so as to 
be an unsightly object upon the premises. As I was 
now nearly nineteen, and my brother seventeen years of 
age, both at that time, moreover, in robust health, the 
actual labour in prospect did not terrify us. We were 



I early risers and kept regular boars, wliich of &11 things 
specially adda time to one's days. Desultory work is, 
u we hB'i seen with some of our companions, the 
greatest bane to success ; and the sorest way to accom- 
plish life's various tasks in a thoroughly satisfactory 
manner iu to set apart certain hours for each of them. 
We began our day, as boys ought to begin, by a quiet 
half-hovj with our Heavenly Father, then we studied till 
the braukfast-bell sounded punctually at eight. We then 
had an hour at our work, generally patting things 
straight, grinding and sharpening tools, and from ten till 
one we had a grind ourselves with our tutor. After 
early dinner we set to work upon our house, and gener- 
ally kept at it till six, when we had tea. In the winter 
months we bad to arrange our time differently, but 
always learned the Viilue of order and discipline, acquired 
partly at school, and partly under the kind but strict 
rule of a moat worthy father. As a Navy man, he had 
himself learned to obey before he learned to command 
others, and our home life was to no small extent 
modelled on that of a man-of-war, nor, perhaps, can a 
better model be found anywhere. 

The foundations of our house were brick, and these 
were carried ap all round two feet above the surface of 
tlie groand. This work we might have bad doue for as, 
b it as we were intended for engineers, and had not yet 
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determined to what department of that profession we 
should eventaally turn, we thought a little practical 
masonry would at auy rate do no harm, but rather give 
us an iiisiglit into details of work that we might Bome 
daj' have to superintend. 




Fig. 13 is the ground-plan. It will be seen that, 
althongh we by no means despised learning, we gaye the 
workshop the place of honour as to dimensions, making 
it twelve feet by ten, whereas the study was only ten by 
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eiglit. But ont of the latter we cut off a space of threa J 
feet for a lavatory, otherwise it would have heen larger. 
This lavatory was an essential, as liand-washiiig canDot \ 
be very well omitted after workshop operations, unless I 
grimy buoka are desirable. We had, however, no duori 
between our workshop and lavatory, which in fact formedl 
a lohby, the study opening ont of it. The workshop! 
was well lighted by two windows in adjoining walls, one 
being six feet long, the other three. The first of these 
was two feet six bigh, the latter two feet. The details 
of both will be found farther on. The study windows j 
were both two feet high by three feet wide. We used | 
nine-inch brickwork— z.e,, our wall was one brick | 
thick. 

The bricks always need to be so laid as to bond 
together in a proper manner; the joints of one row must 
never coincide with those of the one next above or below. 
In one part of the front wall is illustrated the common 
manner of laying one row of bricks of a nine-inch wall, 
and in that just shove it the headers A and stretchers B 
would lie in the opposite direction; thus bringing the centre 
of a brick over a joint AA; this, it will be seen, will tie 
together the inner and outer faces of such a wall, which 
might otherwise easily split asunder in the central line or 
joint of the stretchers laid longitudinally. This is called 
Flemish bond, and gives to the front of the wall the 
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H[ipearaiice so generally seen — the long and short eidea 
of the lij'icks alteriiating. A small portion of the face ol 
such a wall is shown at CC, and will be recognised as the 
more common form. 

English bond is made differently. A row of headers ia 
laid, and on them a row of stretchers, and so on alter- 
nately the whole height of the wall. In this case, the 
front face shows a|ij)arently alternate rows of short and 
long bricks, which certainly does not look so well. It 
may happen that the total length of a wall is such that 
nine -inch bricks, inclusive of joints, will not exactly 
reach from end to end. There mast, conseqaently, be 
somewhere inserted half or quarter bricks. The joints 
are, however, always made to break, as it is called, or 
the whole would fail to be of that snbstantial character bo 
necessary. It is specially an object with a briclclayer to 
make the joints overlap at the corners, so as to bond the 
four walls of a building thoroughly together, each serving 
as a support or buttress to the other. Thus if the first 
tier ends at the corner with two stretchers, he will lay a 
single stretcher only on the face of the wall, bnt behind it, 
instead of the second, he will lay the ends of two stretchers 
of the wall at right angles to it, thus turning the corner, 
and this will also have the effect of getting the briclts of 
that wall in proper order. The length of a brick is nine 
inches, the width foor and a half, eo that two headers 
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ictly cover the two stretchers beneath it. But it will 
be found upon trial that a second row will not break 
■ joint if a pair of headers are laid on a pair of stretchers, 
I simply as described, although this is the way to build 
I such a wall, but somewhere a brick must be split iu each 
I row lengtiiwise, which will bring all the joints right for 
, tiiat row or layer. In the same way in walla of a brick 
and a half thick — t.e., one laid flat as a header, and one 
aid flat as a stretcher alongside of it — it becomes 
necessary very often to cut a brick either across or 
p lengthwise to bring the joints right; and the necessity 
f for window and doorways, which would interfere with the 
regular bonding, may compel two headers to take the 
place of a header and stretcher, or vice versd. A brick- 
layer used to his work never hesitates, but sees exactly 
I where he can best place his half bricks, so as not to inter- 
I fere with the general appearance of his work, but we had 
many a consultation on that score, as amateur masons do 
in such caries. 

"VVe found the best way of learning the art, which, 
after all, is very simple, was to draw plans to scale, 
making the bricks the exact relative size, so as to find 

Iont whether they would bond; and we also made some of 
wood also to scale, like those of a box of child's bricks, 
and with these we built up walls of various kinds of bond, 
■o that we soon had the secrets of bricklaying at oar 
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fingers-enda. We also learned a good deal of plan- 
drawing by tliiis putting tilings down on paper, and 
drawing everything properly to scale, a method we re- 
commend to all young mecliatiics. 

We carried the fouodation, as I have said, two feet 
above groand, and below we dug out our trenchea 
one foot deep, which brought four courses underground. 
We had good, dry, and firm loam to deal with, and below 
was gravel, so we found this to be quite deep enough to 
Beciire the stability of a small light building. There 
were eight courses above ground, each briek being three 
inches thick. When I Bay two feet above ground, I mean, 
therefore, eight courses, but with the mortar it was a 
little higher. 

The worst part of bricklaying was, we found, the 
effect which lime has upon the skin of the bauds, which 
became dry, and would have chapped if we had had more 
of the work to do. This resitlts from what chemists call 
the affinity of lime for water, which it absorbs. Thus all 
the natural perspiration, which keeps the hands moist 
and soft, is seized upon by the lime, leaving the skin 
in a perfectly dry and inelastic condition. 

Nothing shows this absorbent property of quicklime 
more than the process called slaking it to make mortar. 

Quicklime is carbonate of lime burnt. This snbstanoe 
occurs in variouB forms in large quantities in natore. 





Chalk, marble, limestone, oyaier shells, and indeed most 
shells, ivith those beautiful stalactites found in caves in 
Derbyshire and elsewhere, are all carbonate of lime in 
varied forms. Ordinary limestone, forming hills and 
rocks, is ihe sabstance most commonly used for making 
qnicklime, aa it can be procured in almost all parts of the 
country. Tiiia ia broken into large lumps aud burnt in 
kilns, which are often holes dug in the side of a hill aud 
lined with firebrick; and sometimes are built wholly 
above ground, but the first is most convenient, as the 
atone must be wheeled to the top or mouth and thrown 
in. When thoroughly burnt, the lime ia drawn out 
at a hole made for the purpose at the bottom of the 
kiln. 

The heat drives off the carbonic acid, or carbonic anhy- 
dride, as it is now often culled, in the form of goa, which 
is fatal to animal life. It sometimea happens that the 
lime-burnere full asleep too near the month of their 
kilns, and are quickly sent to sleep by the gas, and 
perhaps burned to death without awaking. It is a very 
heavy gas, and escapes, therefore, but slowly into the air 
above it. After thia gas ia driven off, the limestone is 
found to have acquired new properties, which, however, 
will not last long if it is left exposed to the air, aa it 
will again pick up carbonic acid and become what it wna 
before — viz., carbonate of lime. 
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In its new state it is called caustic lime, becanse it 
will bnrii am] Jestroy animal and vegetiible matter, and 
ill this state it lias the peculiar property of so entirely 
absorbing water as to dry it, so to speak ; for if a 
bucket of watuT is thrown on a heap of quicklime, the 
latter heats very much, steaming and smoking, and then 
all at once falls to pieces as a perfectly dry powder. 
It is in this state that it is used by the mason, being 
called slaked or slacked lime, and mixed with eand or 
road grit to make mortar. We had seen this operation 
very often, but until we ourfielvea performed it we had 
thought little about the why and wherefore. Now, 
however, our curiosit}' was roused, and our tutor kindly 
gave as the information here recorded, with much more 
about this and other gases which we cannot set down ia 
these pages, as we must go on with the details of our 
house-building. 

The shallow flat-bottomed trench dug out to receive 
the fonndations of course marked out the outline of the 
building. We had taken all possible care, therefore, to 
make the sides truly equiire to the ends. The partitioa 
between the workshop and study we intended to make 
entirely of wood, and here we only gave the wall half 
the thickness, building it with single stretchers, the 
joints overlapping as before. At the doorway the wall 
was carried but one course of bricks above the level of 
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the gronnd, to receive the cill, a piece of oak, into which 
the (Joorposts were morliaed ; but where windows occurred 
we built lip to the norranl hei^'ht, as the bottom of none 
of these was to be less than three feet from tlie gronnd. 
Having thus raised tlie fonudations to the required height, 
laid upon them the main timbers or wiill-plates, into 
licb nil the chief uprights were to be mortised. These 
were seven inches wide and six thick, and alt the mor- 
tise holes were marked and cut before putting them in 
place upon the walls. Where they met at the corners, 
they were half lapped into each other as seen at L, 
fig. 14. 

This drawing also shows the details of the timber 
framing and boarding of the back of the house, in which 
the outer door, BB are the wail-jdates last de- 
scribed. They are Levelled off at the upper face all roaod 
to throw off the rain. The uprights at the angles are 
six inches square, the rest, including doorposts, four 
inches by three. The wall-plates are laid flush witli the 
wall on the outside, so that a ledge of brickwork remains 
of two inches on the inside. The uprights are placed 
so as to be flush with the top edge of the bevelled part, 
which is cut bnck one inch. The cornere of the wall 
plates are pinned together by the tenons of the corner 
uprights, which go through the upper half lap into 
but not through the under one. The posts are not 
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pinned sideways, but are held bj- the piuning of the 
uprights, CC, so aa not to weaken the half lap joint 




nnnecesaarily. All the uprights are mortised into the 
upper wall-plnte, IIH, which extends six ioclies on each 
side to take the outer rafter, aud foi-m eaves overhaugiug 
the end walls. 

DD is a very essential tie-beam or diagonal strut, 
wholly preventing any side play, and stiffening and bond- 





ing the "n'hole firmly together. It is iiotclied where it 
crosses the uprijjlitSj aud nailed to them. The doorway ia 
tliiee feet wide, that between the study and workshop 
being two feet six inches. The outer one was made 
wider to allow of the easy admission of our work-bench, as 
well as the exit of various articles. It is rather awkward, 
after finishing some piece of work of more than ordinary 
dimeuBions, to fiud that you can neither get it out at the 
door nor at the wiudow ; but we have known euch things 
occur among other accidents of the workshop. A, shows 
one part finished hy being covered by boards. There are 
several modes of doing this which must be considered in 
planning the timbers. The framing shown was designed 
for horizontal hoariliug, as here illustrated; hut if the 
boards were to he vertical, it would be necessary to intro- 
duce horizontal timbers — one below the top wall-plate, 
one just above the lower plate, and one running across 
halfway between them. We illustrate here the best method 
of hoarding such outbuilding at A. The boards are put on 
BO as to lie quite level and horizontal. In this they are 
generally tongued aud grooved, i.e., a groove is planed in 
the middle of the edge, into which is fitted a strip of thin 
iron or wood, and the other being similarly grooved, is 
forced up against it so that the tongue enters this also, 
and although the boards may shrink and slightly separate, 
no open apace occurs between them. K shows a neat and 
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simple mode of placing upright boards, which are simply 
nailed on side by side, and then a narrow strip or fillet, 
bevelled off ur moulded, is nailed on where they join. But 
in this work the precaution should always be taken of not 
nailing these fillets to both boards, because if this is done 
and they shrink, the fillets will of necessity split. The 
beat way is to place the boards one-eighth of an inch apart, 
and to fasten the fillets by driving long tliiu nails into 
them down the middle, which, falling between tlie boards, 
and passing into the cross timbers behind, leaves each 
board perfectly free to shrink. At M is shown the 
method of wenther-boardiug. The board.-^ here are feather- 
edged, that ifl, they are thick on one edge and thin on 
the other, and they are made to overlap as shown, and 
nailed one after the other, beginning at the lowest, to the 
timbers behind, which are, of course, uprighr, as in the 
drawing of the house. 

Well-seasoned weather-boarding makes a sufSciently 
neat outside for barns, stables, and other outhouses, and 
in places where fir is grown it is very much used ; it is 
also made of Oiik, which is more durable, but more ex- 
pensive. Its chief fault is that it has a tendency to curl, 
GO that the upper suiface of the boards becomes hollow 
and the lower convex. This is not, however, a eeriotu 
defect, although it somewhat interferes with the regularity 
of the boarding. We nailed our boards on to meet at the 
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I edg;eB, but attached t.liera to the posts CO, which stood back I 

1 the thickness of a board behind the level of the corner ' 

1 posts and doorposts. To these we nailed two-incli 

I fillets for the ends of tbe boards to rest against, and we i 

L nailed them to these as well as to the other niiriglitB, but j 

I with much slighter nails. The framing of the other aides 

I wae similar to that here delineated, except that the ends I 

were gables, and that the framing had to be carried up 

above the wall-plate. We originally intended to thatch 

the roof, as affording on the whole the prettiest finish, but 

I. at that time a stable had been reproofed aud slates I 
sabstituted for baked tiles, we laid hands on these, and ' 
fouiid no great difficulty in laying them in an efficient 
fliauner. We thus were enabled to dispense witlithe ser- 
vices of a jirofessional ihatcher, and to cumplete tlie house 
entirely without extraneous assistance. We bought a few 
new ami briglit tiles, which we laid round the eaves and 
ou ali the edges, and also laid them in a double row along 
tbe centre of each side. They gave a nice finish to the 

(whole, and made the old grey tiles appear as if they had 
been specially chosen to complete the design. 
Had we lived a few years later, in these days of tarred 
felt, we might certainly have built our house for less 
money, and we conld have oailed a few broad rough 
boards as rafters, and covered tbem with this useful and 
eheap material. Eveu the wctlls might have been so 
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made witli a similar lining within, and they would have 
made a warm and snug building. The smellat. first might 
have been somewhat disagreeable, but we should not have 
cared much about sucli a trifle. 

There is some skill required, nevertheless, in order to 
use felt to advantage aud to make a neat job with it. lu 
winter it is very stiff, and will crack if forcibly bent. In 
summer it is perfectly pliable and easy to use, but the tar 
is a]it to come off and mess cue's hands a good deal. The 
surface, however, is usually dusted with fine sand to pre- 
vent the Burfaces clinging together when it ia rolled up 
for sale, and this renders it less sticky also to the ffngers. 
The neatest way to use it is to cut it into Icugtbs of not 
more tbau six feet, and to nail it to a level surface of 
boards in panels, running a fillet afterwards where the 
edges meet, and thus dividing it into panels. If the fillets 
are painted of any light and bright colour, the general 
effect will be exceedingly pretty ; but every part must be 
made as true as line and square can miike it. The boards 
upon which it is Jaid must be level, but otherwise it 
matters not what their shape may be. Outside slabs of 
r any odds and ends having one flut side, will answer 
the purpose; but unless, as a whole, they present a level 
surface, every edge which stands up will show a lidge, 
and mar the general effect. The boards, howeverj need 
nut be put close together. They can be nine inches or a 




OUR HOUSE. 163 



foot apart, but should not be much more, or the felt will 
be apt to bag and appear loose between them. If a build- 
ing thus constructed is to be used simply as a workshop, 
the timbers showing in the inside need not be covered, 
and, indeed, they are exceedingly handy. If, however, it 
is intended to use it as a study, or for any similar purpose, 
it should be lined inside with flush boarding, and painted, 
or, if preferred, it can be papered ; but in order to make a 
good job of it, it will be necessary first to tack cheap 
calico over the boards, straining it tightly. If this is not 
done, and the boards shrink, the paper will crack in many 
places. Having treated a boarded partition in this way 
with perfect success, we speak from experience. We did 
not, indeed, even line our study with boards, but we 
strained canvas over the beams, and thus got a surface suflBi- 
ciently even to receive paper, and when finished it looked 
exceedingly neat. We carried the canvas up into the roof 
also — not to the angle, but to collar-beams about eighteen 
inches below. We thus contrived an efficient ceiling, 
which we covered with white paper ; all round the angles 
and up the corners we nailed strips of beading or mould- 
ing, so that, when all was finished, no one would have 
known that the room was merely of wood and canvas. The 
floor was boarded, but that of the workshop was made of 
clay, laid and rammed down as hard and level as possible. 
We must, however, now recur to some of the timber 
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work. Fig. 15 represents the end of the MJi-iccJiop 
with the smaller window, showing tlie timbur nl&u of 





the gable end of the roof, and the cross-timber ends or 
purlines, aaa, running across from one gable to the 
other. £E ie called a collar-beam, its ose being to tie 
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the fllopiog Bides of the roof, FF, together, aod prevent 
them from spreading sidewaj-s. GG is a tie-beam for the 
saoie purpose; but the hist is only put at the two outside 
trusses, as the triangular framework is called, whereas 
the culiar-beama are added to several of the intermediate 
rafters in order to tie them together, and also to receive J 
the ceiling laths wheu the ceiliag is laid at this height. 1 
It is, however, generally at the level of the lower or main 
tie-beam, GG. 

Ill large roofs, perpendicular rafters are laid over the 
pnrliuea to carry the laths upon which the sktea or tilea 
have to be laid, aud there are seyeral of the maiu trusses 
intermediate between those of the gables. la light roofs, 
however, these are not needed, and the usual way is to 
nail the rafters direct to the wall-plate and ridge-piece, 
and to notch in or merely nail on the collar-beams, EE, 
from rafter to rafter, to carry the ceiling laths, or to assist 
in stiffening the roof timbers. We uotched the purlines 
just so far into the rafters that they should act as stifF- 
eners, and also as laths. They were perhaps scarcely 
matters of necessity at all, and it would have saved as 
some trouble if we bad put them inside the rafterd instead 
of outside, where it was necessary to notch them on to 
liring them level with the slating laths. 

Owing to the way in which we had built the house, 
fornisbing the walls with a horizontal wall-plate all lound, 
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but projecting at the gables to form level eaves, tio ff/tara 
did not rest on the actual wall-plutes, but on ancf.hf-r be&m 
notched down upon the projectiag plates, as Eeen in this 
drawing, where the shaded part shows its enda, 

Tbe construction of roofs of large spaa is cj-lcalntcd tc 
call forth the highest profeaeional skill of the arc'ait<Jofc and 
builder, and is a subject of peculiar ioterest. The main 
object aimed at is, to couvert the outward thrust upon 
the walls into direct downward pressure, and to neatralise 
all tendency of any particular part to tend or sag, by 
straining pieces, ties, and struts. In fig. i6 we give a 
few sketches to illustrate this iu simple outline. 

ABC may stand for a pair of lafiers, resting at B and 
C opon tbe wall-plates of the two walls, BH and GOr. 
Any pressure on A, or on the lines AB and AC, will 
tend to make BC spread open, a biiComiLg practically a 
joint, and ab, ac, the legs of a pair of compasses; and if 
the points B and C are rigidly fastened to the top of the 
walls, these latter will at oncfi he thrust apart, and the 
structure will fall. To prevent the legs thus spreading, 
we may tie them by a cross piece at the line BC, which 
is thence called a tie-beam. This, moreover, may be 
replaced by an iron rod, as it is a true tie, and a rod of 
this metal will bear an enormous strain without stretching 
or breakiug, if thuB applied in tbe direction of its 
Jeugih. 
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This tie-rod or tie-beam will thus effectually hold to- 
gether the lower ends of the rafters, and any weight now 
applied will merely press downwards upon the walls. If 
the rafters are very long in proportion to their size, they will 
be inclined to bend inwards at the middle of tlieir length, 
F* To guard against this we require a strut, FD, at right 
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angles^ to AC, and here a tie-rod is of no use. We there- 
fore need an abutment for such strut somewhere at 
its lower end about the point D. Now if BO is a rod of 
iron, and we rest the end of such strut upon it, it will 
tend, of course, to make it bend or sag downwards, and a 
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rod, AD, becomes re^iiisitej wbicli will prevent tliis bendiiig 
from talciiij^ place. 

I bave supposed iron rods to be used as yet, bnt with 
timber w similar arrangement becomes uenessary. BC in 
lliis case will be a beam called, as before stated, a tic- 
beam, and AD an upright, called a Iving-post; FD will 
be a timber strut Tiie lower the pitch of the roof the 
greater will be its outward thrtist. If the ridge were at 
E, for instance, instead of A, the strain would be much 
greater. Thatched roofs are of very high pitch. Slate 
roofs much flatter, and a roof intended for tiles will 
be intermediate between tbem. When a tie-beam is 
inconvenient or unsightly, as in an open timber ronf 
where no ceiling is reqnireii, it is replaced by a heam 
higher up, KF, called a collar-beam. This 13 dovet^iiled 
at the ends into the rafters to give it a stronger Imld. 
It is not so effective, however, as a tie-beam, and, wheti 
tised, the timbers are differently arranged; but each 
timber and iron rod of the complicated roofs now to he 
Been in railway etations and elsewhere is essential to the 
stability of the structure. Even timbers which form 
arches, or which, by their curved outlines, lend beauty to 
the design, wilt, on examination, be found to act as tie- 
beams, struts or braces. 

At MNO of this figure is given the usna! method of 
notching a sloping beam or rafter iuto a tie-beam to 
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mable it to receive the etrain brought iipnn it, which is I 
iQ outward thrust tending to malis it slij) along the beam. 
Tbe abutment at effectuallj- prevents such slip ; and Ik 
I iieavy work the joint would be either strapped over wift 
an iron hoop or bolted throao;h — generally the former, 
which does not weaken the timber, as a bolt-hole does. 

In our study as youthful engineers, under our tutor's | 
guidance, we made many experiments upon beams and 
trnsse.", which also gave us some exercise in practical 
mechanical work, as we made models of mahogany, care- 
fully finished, with miniature straps and bolts, and rods , 
of iron and steel. In the lower part of this figure is a , 
sketch of a very simple but efficient mode of stiffening a 
beam or plank which is frequently used in roofs. Let BB 
represent the beam which is to support a pressure from 
above on its centre, where the weight W is placed. The 
tendency of this will be to bend the beam downwards and 
to draw its extremities from off the upright posts or walls, 
AA. Tliis may be wholly prevented by placing under its 

» centre a strut or block, S, and adding a straining bar of 
iron screwed at both ends, so that it can be tightened by 
nuts, NN, a bearing for these nuts being cut in the beam, 
BO that they shall lie truly at right angles to the bar and 
bed well and fairly upon the wood. All downward pres- 
_ Bure at W tending to bend the beam is converted into 
H itrain upon the iron rod tending to stretch it lengthwise 
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— a strain whicb a very small rod will bear witliont 
yieliling. An engineer's business is to calculate these 
qiiestions of strain and pressure, and to determine what 
sized rods and strata and beams are needed, so as to 
render the strnctnre as secure as possible without addin* 
unnecessarily to the weight. This is specially necessary 
in designing roofs of large span, 

A ramble over any old house will 8er?e to show the 
advance that has been made of late years in the art of 
building. Those huge oak benma which were then 
considered necessary, and which in turn needed walls of 
undue thickness to support them, are no longer nsed. 
We set our joists on edge, and saw up the large beams 
into half a dozen such joists, bracing them where 
necessary by intermediate struts to prevent side flexure, 
and we calculate the probable thrusts and other strains 
to a nicety, in order to economise the material, and 
consequently the expense of the building, No doubt 
this economy is sometimes carried tof far. The reproach 
of many a modern town-house is, that its walls are so 
thin as to be absolutely unsafe to the inhabitants, and 
not seldom do we read of newly-built houses collapsing 
before being finished. This, however, is simply tha 
result of false economy, and not of the want of skill in 
architects and engineers. Many of the honses alluded 
to are merely raised by speculative builders, who work 
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by plans of their own, and whose 8o!e object is to build 
honaes cheaply for their own profit. In a well-con- 
fitructed building, every part bonds and Bopporta the 
otlier, and the roof exercisea no outward pressure tending 
to thrust asunder the walls which support it, but is 
simply a solid structure, bonded together at all points, 
which acts only aa a superincumbent weight, exerting a 
force directly downwards, which the walls, if themselvea 
perpeudiculnr, are exactly calculated to bear. The bur- 
den is, in fact, carried by mother earth herself, patiently 
enough, unless she chooses to set her back up once in a 
way by an earthquake. 

Fig. 17 is a drawing of the timbers of the roof aa 
they would appear when seen from above, bnt before the 
battens which are to hold 'the tiles are put on. These 
woald, of course, run parallel with BBB, which is the 
ridge-plate at the highest part of the roof j AC is the 
ridge of the short bit of the roof which comes over the 
projecting part of the study, but ends at the ridge of the 
main roof; DD represent the wall-plates, or rather in this 
aase the beam which overhangs the building, and receives 
the lower end of the rafters. 

AE and AF are diagonal timbers where the roofs 
meet, and to which the rafters both of the short roof 
and of the long are nailed, forming, when the tiles are 
on, a gutter at AE and AF, requiring to be leaded under 
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tlie tiles to carry off the water. As C is the peak of 
a gable, tlie end of tlie projecting part of the building ia 
what is called a pine end — i.e., triangular above the 
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Tig. 17. — Rod( DsUlla. 

wall-plate. A hip roof, on the other hand, slopes back 
from the wall-plate to the ridge, leaving the wall, there- 
fore, quadrangular. The rafters in the drawing appear 
thin because they are set on edge, as is also the rldge- 
plate against which they abut, and to which they are 
nailed. 

This roof cost us a good deal of trouble, being a severe 
test of our capabilities as carpenters, but on the whole we 



OUR HOUSE. 173 



rsncceeded better than we miglit have expected. We 
made use of a dodge in fitting which we had seen used 
by carpenters — viz., a strip of thin board the length of a 
rafter, and aoother the length of the inclined timbers EF, 
which we could cut to the exact angle required at each 
end, aud when we had once fitted this accurately to the 
wall-plates aud ridge-piece, we could mark every rafter by 
it aud saw them off, instead of having to try each one in 
its place again aud again until it should prove to be 
correct It is, of course, much easier tu fit a thin strip 
of board than a rafter two inches thick, which, if long, ii 
a heavy affair to manage on the try-try-again principle. 

The windows of our workshop were very simple affairs. 
We merely nailed on the beam, at the top and bottom of 
the space left for that purpose, a few upright bars of wood 
rebated to receive the panes of glas^a. We did not rebate 
the side pieces, which were also of course two studs of the 
framing, but merely nailed on some quarter-inch stuff a 
little narrower than these studs, which had the effect of a 
rebate. We then cat and puttied in onr strips of glass. 
In this, however, we showed a certain degree of wisdom 
which may be worth recording for the benefit of other 
boy-builders. We rightly conjectured that the windows 
of a workshop would be peculiarly liable to breakage, we, 
therefore, instead of long strips taking up the whole of 
each space, placed only small panes, making the upper 
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overlap the lower ones, bo that in case of an acciduntj we 
could repair damages by inserting a new small pane only. 
Tlie light was not in this way interfered with, and at the 
same time the wet was effectually kejit out. An advan- 
tage in our wooden worksho[i which we discovered at a 
later date was the ease with which we could at any time 
extend our windows in either direction by removing a 
board or two and replacing it by another strip of glass. 
We ultimately extended our three-foot light to eiz feet, 
and our six-foot one to eight feet, besides adding 
another in the side wall at the place where we found it 
necessary to place another vice-bench. We also siibse- 
quently converted part of the boarding into a shutter 
hinged on the top to lift up for the admission of air, and 
very advantageous we found it in the summer mnntha 
when we were often glad to throw it open as wide as pos- 
sible; for though our work was play to us, owing to our 
fondness for mechauics, we by no means played at work 
when we were bo engaged. 

Nothing now remained for us to do of any special diffi- 
culty. The laths or battens were nailed on at such a 
distance apart as to give the tiles a good lap, and the 
latter, after being fitted with wooden pegs C""i^)i ^cre duly 
hung, which did not take ns very long, The ridge tiles 
were then added, and these we bedded in plaster to make 
all weather-tight and snug. 
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The framing of the light partition between the study 
Slid woi'kshop was a very simple matter, which we carried 
out after having roofed in the building. The doors were 
plain ledgers, i.e., upright boards bonded by three across 
them to carry the hinges and lock. We tongned and 
groved these boards together aud ran a beading down the 
edges of each. 

The wooden floor of the study was laid on joists which 
rested upon brickwork at each end and in the middle. For 
this purpose we built up a wall inside the main one on 
two sides and one parallel to them along the centre, nine 
inches high above ground. Upon these we laid the joista, 
taking care that they rested fairly upon the walls, and as 
soon as we bad laid the rows complete, we laid upon them 
one board and temporarily tacked it down to keep the 
joists in place, ready to receive the rest. We took as much 
as possible to get the boards close together, but did 

lot think it necessary to tongue and groove them. The 
ly in which we got them close together, as we had no 

boring cramp, was as follows: — We laid one board close 
to the wall true and level, and nailed it down securely to 
all the joists. We then did the same at the opposite 
wall, thus firmly securing all the joists together, and 
getting a solid foundation to work upon. Then we laid 
the next board, but before nailing it we drove into about 
foor of the joists a stoat short nail, three inches from the 
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edge of the board lying loosely id its place, and between 
these naila and the bnard we drove liaid-wood wedges, 
which, hearing on one side against the fixed nails and in 
the other against the loose board, forced the latter np 
close against its predecessor. After nailing this down we 
drew the nails which we left standing an inch ont of the 
joist, and repeated tlie operation with the next board. 

It is not necessary to describe the few remaining details 
of onrhoase-building operations, and we shall conclude the | 
chapter by a few words about the arrangement of our 
workshop after the building was wholly completed. 

The large window was hououred with the lathe for which 
it was specially designed. The small one had the carpen- 
ter's bench in front of it, next to which came a stont 
small bench of three-inch plank with a blacksmith's tail- 
vice. This was subsequently removed to a new window 
which we made, as already mentioned, as we found that we 
required more light when onr filing operations were re- 
quired to be carried out with greater accuracy than in days 
of CHrly attempts at this apparently easy, but in reality 
most difficult, work. Above the vice was fixed a drilling 
apparatus, which conld be swung round out of the way 
when not required, and could be brought exactly over the 
vice, or over any desired part of the drilling bench. We 
shall describe this in a subsequeut chapter. 

The lathe tools had a special rack on both sides of the 
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large window, in which they were ranged neatly according ] 
to size; and hy this time, in addition to the chisels and J 
gouges, we had a fair stack of variously-shaped tools for 
hard wood and ntetal taming. Another rack over the 
oarpenter's bench held the tools peculiar to that work, and 
planes occupied a couple of shelves above. Files and drills, 
and hard chisels, ])liers, and screw wrenches, had a rack to | 
themselves above the vice-bench. 

The next chapter will be devoted to a description of our 
workshop fittings, as they existed after we had completed 
them ; and although we were not fitted up with any 
pretensions to etylishnesB, our worksliop was far more 
complete in its arrangements than many others which we 
subsequently iuspected, and which were more for ebov 
than for teal work. 



Chapter VIII. 



OUR WORKSHOP FITTINGS AND APPLIANCES, 



^N a previous chapter I have spoken of the 
renovation of the French lathe-head and the 
subsequent addition of a cylinder poppit, 
instead of the simple and ineflicient screw in a 
block of wood which we had been compelled to use pre- 
viously. The lathe-head with its guide screws was really 
an exceedingly good one. We found that it was very 
true, and had simply been laid aside and neglected, more 
than deteriorated by wear and tear. We therefore saw 
no necessity for throwing away money on the purchase of 
a better. The strap pulley, however, was inconvenient 
when we came to turn metnl, because we could not re- 
duce the speed ; bo we expended a little hoarded cash in 
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the purchase of a grooved fly-wheel and crank Bhaft, and 
we then turned a ucat mahogany pulley, and grooved it 
for a gut hand. The wooden bed of oar lathe we plated 
with iron, fasteued with conntersunk b'-^wb and draw 1 
filed, to mate it as level as possible, and to give it a better 
finish. We procured bars of two inches wide by a quarter 
thick for this purpose from the blacksmith, which, being 
rolled by machinery, were quite true from end to end. 
This made a very good bed, fit for a slide-rest, which we 
now made up our minds to purchase, although it was a 
aomewhat heavy ontlay, costing us, iu those days, seven 
Bovereigna. It was, however, a very good one, and twenty 
years afterwards it was still in almost daily use, and ob 
good aB ever. 

This was not meant for turning ornamental work, which 
we rather despised, but only to assist ub in making models 
and other works in metal; and indeed we mude a quantity 
of things, besides models of engines, including a capital 
set of chucks and various lathe fittings ; and long after- 
wards, when we discovered that ornamental turning needed 
the higliest skill, and was therefore by uo means infra dig, 
to a rising engineer, we made a very good slide-rest for 
that kind of work, and learnt to use it, too, with great 
efficiency. Knowing the need of ateadinesa in a lathe, we 
braced ours at once to the window-sill with a couple of 
iroa lodB, so that it was immovable and free from vibra- 
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tioD, a very essential point wlien turning anything at a 
high speed or using an eccentric c!inck. 

Our carpenter's bench was made to hold pieces of all 
shapes and sizes, and we took a great deal of paiuR to make 
it. The framing was of the ordinary kind, bnt planed 
to give it a better appearance than it frequently wears 
when made wholly of rough material ; bnt the top of it wa^ 
of two-inch stuff, and was carefully faced all over, so as to 
present a perfectly level surface, which we took care to pre- 
serve. This ia frequently not attended to in home-made 
benches, in which any stuff, planed or unplaned, is deemed 
good enough. The consequence is, that it is found im- 
possible to do good work with a plane, because the board, 
resting on an uneven surface, oscillates under the tool, and 
a wedge is needed here and there to keep it. steady ; or a 
nail or two is ruthlessly driven into the bench to bold it 
steadily, which nail is sure to be forgotten, and either 
remains to tear a hit of skin off the workman's ham), or 
to notch the chisel, plane, or other tool. The way in 
which planing benches are often kuocked about U what 
boys call "a caution" to behold. It should be as carefully 
preserved as a dining-room table. There is no necessity 
to spoil its level surface, for instance, by chucking down 
upon it any heavy pieces of iron that need a temporary 
resting-place. No need to bore holes with a centre-bit in 
work laid upon it without Bome spare piece underneath to 




WORKBENCH. i8i 1 

receive tbe point of the bit wlien it has passed completely I 
through ; or to chop wood upon it so as to cut its surface 1 
gradually into miucemeat. These and similar errors we 
ourselves had to plead guilty to in our early days of ap- 
prenticeship ; but having learnt that it was just as easy to 
preserve bench and tools in good working condition, we ■ 
duly reformed our manners and customs in this respect. I 
The top of the bench being level and of thick material, I 
we cut in it special holes and mortises to receive the I 
tenons of certain fittings, to be described presently. The 1 
front board, of one-inch stuff, was also carefully planed, and I 
fixed exactly at right angles to the top, and the usual ' 
carpenter's vice was fixed at the left-hand corner. This 
was made with two screws, instead of with one and a 
guide bar, as is often done. The outer movable board of 
the vice was of ash, one inch and a half thick, and its I 
upper edge was made to come exactly level with the top 
of the bench, bo that when it was necessary to plaue up s 
narrow strip, it would hold it securely. 

At the right-hand end of onr bench we fixed another 
kind of vice, which I think can be rendered clearly with- 
out a drawing. It consisted of a block of beech six inches 
long by three inches each way, with two short tenons below 
two inches long — one at each end. The block and tenons 

H were all of one piece. 

H We toot, in short, a block five inches deep and three 
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thick, and marking it rouud on all Bides at two inches 
from tlie face, which was to be the downward one, and 
also markiDg across at two inches from each end, we cut 
out the piece between the two last markings, bo as to 
leave the tenons at each end. These tenons fitted accu- 
rately into two mortises cut in the top of the bench, so 
that when placed in them the appearance was that of a 
simple block six inches long bj- three square standing on 
the bench, its long sides parallel to the front and back 
of the bench. It was, however, fixed securely by the 
tenons. liengthwtse through the block was passed a 
screw three-quarter inch in diameter. It was our old back 
poppit screw, but the end was filed off square and flat, 
instead of being left with a point. In a iioe with this 
block and screw were a row of similar mortises at equal 
distances, into any two of which therefore the block 
already described would fit at pleasure. To complete the 
apparatus, there were other blocks, with precisely similar 
tenons, but only one to each, and these blocks were but 
three inches, and some two iuches, in length, instead of six. 
To form a vice, therefore, all that was necessary was to 
put the scfew-block into place, and one of the others in a 
mortise, at about such a distance from it as the article 
reqnired, and then to fix the latter when placed between 
them by a few turns of the screw, interposing a bit of 
hard wood to protect the surface of the work from the end 
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of the Bcrew. Of all our bench fittings, we never found 
one more serviceable than this, which we used to hold 
work for morlising, and as a clamp for work glued, and 
for a multitude of other purposes which need not be 
enumerated ; among others, for holding up pieces which 
required to be planed on the edge, and which were not 
so thin as to yield to the end pressure thus applied. We 
rightly named it " our universal vice." 

Another vice or bench appliance of great use in plan- 
ing pieces too thin to hold in any other way, consisted of 
a block of wood similar to the last, but sawu aboat three- 
fourths of its length through, so as to form a kind of 
spring-clip; through this a screw was placed crosswise, so 
that when turned by a short bar, it brought together the 
two sides of the wood which the saw cut separated. This 
acted, therefore, as a vice for very thin laths, which were, 
of necessity, held at the end from which the plane started 
on its way, i.e., the right hand, so that the force of the 
plane only tended to stretch the atrip, and not to bend it. 
All thin laths need to he planed io this way. We also 
had blocks with a deep saw-cut, or rather deep shallow 
groove made by two saw-cuts, one-quarter inch apart on 
the npper surface, in which thin slips could be fastened 
by a wedge, and various similar contrivances for holding 
boards on edge, cyiindricul and other shaped pieces, which 
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often eaved us innch time. In short, ibe mortise liolea 
ftiid blocks were aa useful as they were clieaj). 

We also bad a couple of round holes to take the stem 
of our beuch hooks or bench holdfasts, of which one wiis 
of the old pattern, the other made with a screw to hold 
down work. We had also a caryer's screw, a most useful 
contrivance. It is an iron holt with a screw andbow-nnt 
at one end, like those used to secure lathe poppits, and a 
short conical screw at the other. The latter is screwed 
into the block of wood to be carved, and the holt being 
passed through a hole in the work-bench, is secured by the 
bow-nnt and a large washer underneath, Then we had 
also for use with the tenon saw a short strip of ash, with 
a piece at each end projecting an inch, but in opposite 
directions. One of the=e rests against the edge of the bench 
upon which it is laid, while the other prevents the strip 
of wood from escaping under the action of the saw. Its 
form was like the letter Z, but the central line mnch 
longer in proportion, and at right angles to the two other 
lines which make up that letter. We had, of course, the 
usual planing stop in addition to these other contrivances, 
a very much better form of which is now made wholly of 
metal, and getting into very general use. 

The next workshop fitting which it is necessary to 
describe is our filing or fitting bencl). This was of three- 
inch plank, fitted to the wall by a pair of bolts going right 




through two of the joistB, atid screwed up with a nut and 
washer oa the outside. It was also supported by two 
legs driven into the ground, and then notched into the 
bench and fixed with screws. The tail-vice, with chops 
three inches wide, wiis fixed to ths front of this, the leg 
being let into a short pile of oak driven into the ground, i 
It was therefore very firm, and Btood just so high as to ■ 
bring the vice chops on a level with the elhow, which : 
the heat height for accurate work with the file, Undei 
the bench was fitted a strong drawer, to contain varioaa 
odds and ends, such as screw taps, and dies, drills, small 
bolts and nuts, and the thousand and one etceteras of a 
smith's shop. We had not, however, at the time, any 
forge, and although we afterwards had a portable one, we 
only used it for soldering, brazing, and doing light jobs. 
We found it cheaper as well as better to get our forgings 
as well as our castings done for us by those regularly 
trained to that work. We did, indeed, now and then 
cast email articles of brass, using blacklead crucibles, with 
coke as the fuel ; hut we so often fuund these articles turn 
out badly, that, as a rule, we did nothing in the way of 
founding. Still we could bend and weld light ironwork 
with the forge, as well as beat rivets, alter the shape of 
Blide-rest tools, make an occasional carrier for the lathe, 
and £0 forth. Our forge proved, therefore, very con- 
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venient, but was never admitted into onr workehop, but 
used out of doors or in an old shed. 

Our drilling apjiaratus was at first merely the ordinary 
blacksmith's brace pressed down by a lever overhead, with 
a weight huog on at the end of it — a clumsy affair, still 
to be met with at smith's forges iu some country places, 
and certainly effectual, as is proved daily by the work 
done hy its aid. It was, however, very much of an eye- 
sore, and took up a good deal of room. We tlierefore 
replaced it by an upright rod of iron, and a sliding arm 
with a screw paeslng through it, to give the necessary 
pressure to the brace. This upright rod was fixed by 
being made to pass through the vice-betich and rest upon 
a collar, which prevented it from falling quite through, 
but allowed it to swing round. Underneath the bench it 
had a washer and iiut, and a similar washer was let into 
the top of the bench where the rod passed through it Near 
the top it passed through an eye-bolt, which, in its turn, 
was screwed into one of the upright studs of the workshop j 
then the rod, which was of round iron one inch in dia- 
meler, was very securely fixed in an upright position close 
to the wall. The arm which projected from it was of 
flat bar iron half an inch thick, with a boss or enlarged 
part at each end. This, when fixed, wbb bo placed that 
the edges were ^bove and below, and the broad or flat 
parts sideways. The iron in this direction was an inch 
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wide. It wa*? made thus stiff, because it was necessary 
that it should stand a good deal of strain without bending. 
Both bosses were bored through — the one to slide up and 
down the upright bar, the other to receive a screw six 
inches long, with a hole in the lower end, into which 
the upper pointed end of the brace fitted when in nse. 
This end was case-hardeued, as was also the point of the 
brace. We have not drawn the latter, as it ia a tool 
well known to boys of a mechanical turn, being found in 
every blacksmith's shop in the kingdom. 

Those were not days of twist drills, nor of the Anted 
drills, which are equal to them, if not superior, but we had b 
set of common diamond-pointed ones made to fit the brace, 
which was not our own handiwork, and we soon learned 
how to make and temper them ourselves — an accomplish- 
ment always of value to the mechanic, old or young. It 
is here, indeed, that the generality of amateurs lag behind. 
They require sets of drills, reamers, countersinks, and 
such-like ; and if they need to make a hole for which they 
have not a drill of precisely the required size, or if 
they chance to break a tool of this description, they are 
at a stand-still till they can buy a new one. Not bo the 
workman. He simply puts his broken drill into the fire, 
and with a few strokes of the hammer remodels it, mak- 
ing it smaller or larger to suit the job in hand. Then he 
tempers it, and grinds itj and in a few minutes ia dili- 
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gently at work. A chance breakage is, in fact, to a 
good workmaD, of no eort of importance, but with him it 
is not so frequent as with less ekilful hands. 

When first we tried to make a drill or two, as we had 
seen the village blacksmith do, we hnrnt the steel, which 
forthwith crumbled under the hammer, instead of taking 
its proper ahnpe, as we expected. We then found that a 
white heat would not do at all, but that we must not raise 
the heat beyond wiiat produced a bright red, and that we 
could shape our work at this temperature without breaking 
it. Then we heated it to a bright red and quenched it, 
ground it to a nice bevel, and broke it short off at first 
trial. It was a great deal too hard and as brittle as glass. 
Then somehow we learned that it was, as a general rule, 
necessary to let d&Kn the temper of drills, taps, reamers, 
and indeed of most other tools subject to strains or to 
sodden blows, by first heating and quenching, and then 
healing them again to a stated temperature known by the 
colour which the metal takes under the influence of 
oxidation. As the temperature rises the steel becomes 
softer, and when at the desired degree it is suddenly 
qnenched again in water or oil. In this way we found 
that we could make steel so hard that no file wotild scratch 
it, and from this let it down as we pleased. Drills for 
metal, unless for drilling steel, answer when the deep 
strew colour is attained, or when this is beginning to 
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cbange towards a blue. The shank of the drill should be 
then femperedj even if the point is left hard. This may 
be done by laying the shRtili on a bar of red-bot iron and 
wafching the colour as it spreads from that point up and 
down the surface of the drill. Screw taps, again, being 
subject to torsion, or a strain tending to twist them, need 
very careful tempering, especially if not very well made, 
as they then cut with difficulty, and require more power 
to work them. 

We found out such matters as these chiefly from numer- 
ous failures, which often teach more than success; butwa 
also learned the nse of our eyes and ears, and picked up 
many a wrinkle wliile innocently watching tbe work of 
various tradesmen, hat especially that of the blacksmith, 
who, in country villages, combines the trades of farrier 
and shoeing-smith, tinman, brazier, and machinist-. In 
short, to a ebiiful village smith nothing seems to come 
amisa in the way of metal work, and some are very skil- 
ful in making axes, billhooks, and edge tools, which stand 
work a great deal better than those ordinarily purchased 
at tool-shops. Of course, if it comes to a question of 
appearance, the tool-shops carry the day, for at these you 
may buy axes beautifully polished for a part of their blades, 
and the rest got up with a wonderful blue, which renders 
the whole tool marvellous to behold ; and it ia a far greater 
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marvel if a tool thus finislied proves of any value at all to 
the buyer. 

Of trci^tles, sawing'-horses, and low stools of tbict stuff 
with stout legs, for cutting luortiaes upon, it seems hardly- 
necessary to Bpealt, yet we have Itnown tliese conspicnons 
by their absence in many a workshop of no mean preten- 
sions, in which, if a board required to be sawn off, there 
wBS a hunt for something upon which to rest it. The 
best framed trestle we bad was made after the fashion of 
the Roman capital letter A, I fancy we had seen it 
somewhere, for I doubt if we invented it onrselvea. 
The board to be sawn (lengthwise) was slipped through 
above the cross piece in the centre, aiid the legs of the A 
were pushed slightly outward, so that the end of the plank 
rested on the floor behind the workman, while the other 
end to be sawn projected, and wna held up by the legs of 
the trestle. As the sawing proceeded, the board was 
slipped further through. This device holds the board in 
the most convenient position possible, and is as easily 
made as an ordinary sawiug-stool. When the board to 
be sawn was thin and of any great length, we found it 
necessary to place an ordinary stool in front of our alpha 
horse to support the end, which otherwise would be found 
careering and prancing up and down at every stroke of 
the saw, as if in mortal agony, while its sides were being 
split, but Dot with laughter. Of all work which boys are 
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inclined to be sby of, sawing standa pre-eminent. In the 
first i)lace, they find it very difficult to drive a straight 
course; and in the next place, it is uncoiniuouly hard work; 
and we often see boys splitting a board instead of sawing 
it, by which, as the crack seldom runs straight, they are 
Bure to waste material. This laziness we never allowed 
ourselves to be guilty of. We kept a half-rip and a hand- 
Eaw in good order, aud soon found arms and back grow 
used to the work, and we made nothing of the labour of 
Bawing a three-inch plank twenty feet long from end to 
end. In these days, however, one has not very much to 
do with such heavy work, as it is easy to get at the saw- 
mills any description of scantling, and the circular saw 
will rip up such a plank as alluded to in about a 
minute. 

Talking of circular saws reminds me that I have not 
spoken as yet of this handy and not very costly addition, 
which we found means to make to the fittiuga of oar 
workshop. In those days such articles were not so easily 
obtainable as they have since become, and we bought a 
saw of six inches diameter and made a stand for it onr- 
Belves, turning the spindle also upon which it was fixed. 
A circular saw is only a round disc of sieel with a central 
hole in it, the teeth being cut round the edge. A spindle 
with a shoulder is passed through the hole, and a washer 
placed on the other side, which is forced up against the 
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plate by a nut. Upon tlie spindle a pulley is fitted for a 
strap, and the whole la fitted up in other respects like a lathe, 
the saw being driven by a fly-wheel, crank, and treadle. 
A flat table, however, takes the place of the lathe-bed, in 
which is a narrow slit to allow the saw to project through 
it nearly to its asle; and npon this is laid the work to be 
sawn. A six-iuch saw will cut, therefore, only about two 
inches, owing to the thickness of the spindle and its 
collar ami nut ; but a piece of wood two inches thick we 
found quite hard enough work for our legs; and, indeed, 
we seldom used the saw upon more than one-inch stuff, aa 
neither of us, in spite of our ingenuity, had been able to 
make for ourselves a steam leg to drive the machine. 
Upon the saw-tahle there was a stop or guide, a strip of 
wood an inch thick standing up parallel with the saw, 
which could be adjusted to any distance from it. This 
enabled us to cut strips of any width all true and all 
exactly alike. We had also augular guides for mitres, 
bevels, and such-like. 

The handiness of a circular saw can hardly be over- 
estimated. For any Jieavy work it. is indeed useless when 
worked by the foot, though capable of any amouut of 
work when steam power is used to drive it. But for light 
work it is invaluable, and no workshop can be considered 
complete without one. We had the spindle mounted 
beiweeu two pointed and case-hardened screws under the 
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table, and we could remove this saw and replace it by 
one for cutting metal, to saw off ferrules from brass tubes 
and sucb-like. "We also had other spindles fitted like a 
knife-grinder's machine, with small grindstone and emery- 
wheels, commonly called emery-bobs, and also with polishers 
or glnzers covered with leather. The machine, therefore, 
waa of somewhat extensive use; and one day, when we had 
]eft our door unlocked, the knife-boy made free to enter 
our sanctum, and try our precious bu£F-wbeel as a cleaner 
of knives — an operation which was so successful that we 
took care the experiment should not he repeated. We 
did, however, make a special knife-cleaner, which remained 
some years in constant use. 

There is a mode of using a circular saw which we 
imagined to be an invention of our own, hut whether or 
no it was so I cannot now determine. We raised the 
table by adjustable wedges, so tliat the saw might project 
only a very little above it, and we then used it for cutting 
rebates, such us are made in picture-frames and sashes to 
hold the glass. We first cut the strips with the table 
lowered down to its normal level, and then using the 
parallel guide, we raised the table and made a saw-cut 
from end to end of the piece, which we met by another 
at right angles to it. The two cuts of course removed 
■ a square slip of the wood, and so formed the required 
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rebate. We used it thus for picture-frameB, of which we 
made several, as for many other purposes. 

Long since that time this mode of rebating frames 
Ii)i3, I believe, become general, and the circular saw ia 
put to every kind of work which it is capable of execut- 
ing, as well as to work whicb uo one would have supposed 
could be done by its means. Revolving cutters, by whiub 
clock wheels are cut, taps grooved, and drills fluted, are 
but circular aawa of various sections and of small size, 
which are, many of them, driven at a terrific rate, and 
make splendid work in skilled hands. Of these we made, 
however, no ase io couoectiou with the machine alluded 
to, although we learned to use them with our lathe after 
we became j)08sessed of a slide-rest, 

We may here mention, for the information uf mecha- 
nical boys, who like to know how all sorts of things are 
made, even though they themselves may not be trying 
their akiU at mechimical work, that the revolving cutters 
are used extensively for making the various parts of sew- 
ing-machines, some of which are of so peculiar a form 
that, I daresay, many have wondered how they could be so 
beantifuliy made by means of files aud ordinary methods 
of work. In the Government factories, also, where small 
arms are made, the same tool is in extensive use. In 
cutting V-grooves in the edges of brass slides for ecceo- 
t.ric chucks, cutters of that section are adopted, and the 
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work 13 not only done very rapidly, bat with a correctness 
scarcely to be attained in any otlier way, although, before 
Bucli appliances were known, the skill and perseverance 
of the filer and fitter proved equal to the task. It is, how- 
ever, very difficult to file a groove accurately along the 
edge of a plate, and it wiil prove a rather hard trial of the 
mechanic's skill to do it. Cutters can now, however, be 
had lit all good tool-shops, beautifully made, and of al- 
most any section; and any young engineer who possesses 
a lathe and a slide-rest ought to add a cutter spindle, 
and leani to use it. 

When our stock of better-class chucks was extended, 
partly by purchase aud partly by home munufncture, we 
had a glass cupboard, or rather a cupboard with shelves 
and a glass door, in which to keep (and show) them. 
We found that unless they were pat into some such 
receptacle, the dust of the workshop made tbem exceed- 
itigly dirty, and mixing with the oil, got into the movable 
parts, aud did, in course of time, real damage by grind- 
ing such parts, and rendering them loose. Some of our 
best tools we also, for a similar reason, kept in drawers 
and boxes, as we hud learned that good tools were worth 
careful preservation, and would not do best work unless 
they were thus preserved. Our big grindstone for 
ordinary shopwork had a place in the workshop away 
from the lathe. It was about two feet in diameter, 
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mounted accurately od its Epindle, and fitted witli a crank 
and treadle, besides having a handle that could be pat 
on at pleasure for grinding axes or heavy work. There 
was a water trough below, which was lowered when not 
in use, so as not to keep the stone wet in one part, and 
alao a cap or hood, to prevent water from being throwQ 
about the workshop, or aLnoyiug the workman by splash- 
ing his face and clothes. It is now the fashion to use, 
in place of grindstones, revolving emery wheels, going 
at perhaps 1500 turns a minute, and having a stream of 
water constantly running over them to keep the tool 
from losing its temper. Even with this precaution it is 
difficult to prevent heating the steel, which, if the stona 
is run dry, may be made red-hot in a few seconds. These 
emery wheels are also used to take off the hard scale or 
crust from castings, which is so detrimental to tools, 
and which has to be removed by the tedious procesBes 
of pickling and chopping, unless these emery wheels are 
brought into use for the purpose. They were, however, 
quite unknown when we built onr shop, and were, there- 
fore, not among its fittings, and only quite recently have 
they become common. 

Such was our workshop as designed and made by na 
with no professional assistance whatever. To this day 
I look back upon it with pride, if not with affection. 
It is one of those possessions that make an impression 
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on the miad of a lad not easily effaced, as it was 
cBBentially an integral part of the home of our boyhood 
and early manhood. Even its association with the study 
did not take in the least from the charm which it 
possessed ; in fact, that study was entirely our own device 
and our own suggestion. I have, indeed, heard some 
boys speak disparagingly of their schooUdaya and school- 
work, with its strict discipline and restraint, bat it is 
a feeling of which we personally never partook, even iu 
our youngest days. As to discipline, we had always been 
trained to yield implicit obedience to those who had charge 
of us, whether at home or at school, and it was cheerfully 
rendered. Moreover, as we advanced bej'ond those 
earlier studies of childhood, which are, of course, always 
more or less tedious and disagreeable, we liked learning 
for its own sake. We were both naturally of inqairing 
disposition, and longed to escape from the trammels of 
boyish ignorance, which we rightly believed kept us back 
from a good deal of intellectual enjoyment. We won 
prizes, but we did not in reality work for them; they 
fell to our lot as a matter of course, and were appreciated 
not as something to show, but as mines of valuable 
information ; for they were always well chosen, and of an 
interesting character. When, however, we rose higher 
in the school, we did work for the prizes, because the 
elder boys were, by a wise arrangement, allowed to select 
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prizes of a certain fixed valae according to their 
respective tastes, and even to add from their own pockets 
if tlie i>rize selected was beyond the money assigned to 
lliem. I need hardly say that our choice was invariably 
a buck couuected with mechanical arts. 

In speaking of what we did, and how we worked at 
what was first a mere boyish hobby, but nkimately 
became the life's business of one of us, and for a time 
of both, I cannot help feeling that I am to some extent 
egotisticah Everything recorded of necessity bears this 
stamp. It is nothing but ego and Ule alter ego. I shall 
conclude this chapter, therefore, with a record of a very 
dear father, who, if he had a fault, was only too indulgent. 
He too was naturally mechanical, but in another direc- 
tion. With him the sea and the Navy, to which he 
belonged, aud which he certainly adorood, was every- 
thing. As boy and man he was for ever making models 
of ships; and well do I remember how patiently he 
worlted, and with what simple appliances he executed all 
with a precision and neatness hardly to be excelled. I 
have several of those models now, and though I have 
Been many of similar character, I never saw any better 
made. The hulls were not merely carved out of a 
solid block, bat built up from the keel rib by rib and 
plank by plank, all rivL'ted with brass wire nails op 
fastened with copper studs and bolts. It is still 
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matter of wonder to me how he curved those small plaiilff 
80 gracefully round the bows and under the quarters, and ] 
how he prevented the hoard from splitting. I helieve, 
however, that the holes were all drilled with one ot 
the bow-drilla used by watchmakera. Then, again, 
masts and spars were roanded entirely by hand, and were 
finished to perfection ; and there was the miniature 
wheel with its facings of brass, the binnacle with its 
compass, the hatchways and gratings and hammock 
nettings, each and all as complete as skill could make 
them, and a sailor's critical eye could plan them. Even I 
the sails, I believe, were Ta-j father's own haudivork, ' 
beautifully Btitched and finished as they were; and the 
little blocks wilh running sheaves in each, double or 
single, as in a real man-of-war, were cut and carved with 
the same natiring patience. Alas I those ships . 
things of the past. Wooden walls are fading away 
before the iron-built ngly monitors, and perhaps the old 
sailor, of which my father was a fine type, ia also paaaing 
■way. 
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ONE OR TWO ENGINES. 



UR TioTiBe completed and shop fairly fninished 
with the necessary tools, onr ambition centred 
on a steam-engine, as, I believe, is almost 
always the case, sooner or later, with lads of a 
mechanical turn. This ia not imnatnral, for whatever 
other machine or model of machine may occupy the af> 
tention from time to time, the steam-engine is at present 
the grand prime mover, without which they would be prac- 
tically nseless. If we coold have managed to bore a larger 
cylinder, and to make or procure a suitable boiler, we 
should have tried onr hands upon one of a size to do ase- 
fnl work — to turn our lathe, for instance, when we were 
engaged in any heavier work than nsual. Aa it was, how- 
ever, we were restricted in various ways. Our pockets 
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were not over-heavy, onr mechanical appliances limited, 
and we conld not manage to bore oat a cylinder of the 
nize that would be needed for the above purpose. 

We eventually decided on a cylinder three inches long, 
with a bore of \\ inches, which was as mnch as our lathe 
and slide-rest were likely to do in a satisfactory manner. 

We were saved, at all events, one great trouble, namely, 
the construction of patterns for casting. We happened 
to have amongst our acquaintances a member of a noted 
firm of ironworkers, whose foundry was about ten miles 
off, and from him we obtained for a nominal sum all the 
castings of this engine complete. These consisted of 
cylinder and its covers, valve box and cover, piston and 
eccentric, guide bars and pillars, all of iron, eccentric 
Htrajis of gun-metal, bearings for the crank shaft of the 
same metal, iron fly-wheel and bed-plate. The forgings 
we found it easy to obtain in our own village; but these 
were very few — merely the forked connecting-rod, and 
one or two odds and ends. The boiler we left as a matter 
for consideration after the engine should be completed. 

Before setting to work upon the engine, however, we 
endeavoured to gain such a complete insight into the 
theory of steam as a motive power as should give 
DS greater interest in our undertaking, and serve to 
lay a sound foundation for future studies. It is here, I 
think, that boys naually fail. They exercise their ingenuity 
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upon the fabrication of machines without any real know- 
ledge of tlie why nnd wherefore, and consequently, if ever 
finished, the models serve merely as toys, which teacli 
them nothing, and are soon cast aside, as the interest in 
them ceases. 

I don't mean to say that we then moralised more than 
other lads, but as our profession was to be tliat of 
engineers, we took all pains to learn theory and practice 
at the same time, and thus gained a good deal of know- 
ledge in an exceedingly pleasant manner. 

To begin with tlie water in the boiler, ont of which, by 
the aid of heat, we have to procure the steam required 
for our purpose. Water is not a simple element, as waa 
formerly supposed — that is, it may be disintegrated into 
two separate substances, which, strangely enougti (for we 
should not have conjectured this), are gaeea, which are 
themselves invisible to the sight, and have nothing about 
them suggestive of moisture. The one gas is oxygen, the 
other hydrogen, which obtained its nnme from the fact of 
its being an important constituent of water, as our young 
Greek scholars will at once understand ; while oxygen was 
named from being the Bupposed originator of acidity — 
like some boys, it is a "pickle," Tliese two gases, when 
mixed together in certain proportions, are very ticklish 
customers to deal with. Looking exceedingly innocent 
and harmless — when in a glass vessel, the latter appears 
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to be empty — they ore highly explosive, and only await r 
chdnce spark to make tliem go off with a bniig'. Hydrogen 
gaa alone will not do this, hut will burn with a faint blue 
flume, which, however, is intensely hot, and will, if a 1 
stream of oxygen is driven throngb it, melt the most re- ' 
fractory snhstances in nature. 

A mixtare of hydrogen and oxygen when exploded 
produces water ; the two gases, if in suitable proportionB — 
viz., 8 of oxygen to 1 of hydrogen — combining wholly, and 
leaving no residue. If these proportions are exceeded in 
either, the excess will simply remain unaltered. In a 
mere experiment on a small scale, with the gases in tubes 
or other small vessels, the resnlt in water will only appear 
like dew upon their surfaces, so that boys who perform 
the experiment need not expect, as we did, to see a tnbe 
half-fjull of water as the result, because the gases thas 
combined taie up infinitely less space than they did 
before. 

In the vast laboratory of aatnre, chemical actions go 
on upon a scale of which the student has no conception, 
but I do not know that the explosion and combination of 
these gases occurs naturally ; the Creator having furnished 
our Globe at once with this compound substance, which is 
essential to onr life and happiness. 

Now this compound is itself, under certain conditions, 
explosive-— 8 fact npon which experiments have yet to he 
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made, and which deserves more attention than it has yet 
met with. Toa may not unfrequently have imticed that a 
tea-kettle toiling over on a hot kitchen etove will keep on 
jumping ns the drops run down ita sides, get under it, and 
come in contact with the heated metal below. If the iron 
is Bufficieutly hot, the water will, on reaching ir, separate 
immediately iuto globules, which do not at once become 
vaporised, but bop and roll about, till, with a slight ex- 
plosion, they become instantaneously dissipated. The fol- 
lowing quotation from Lardner'a *' Natural Philosophy 
will BufSce to give all the information necessary upon 
this point. The paragraph is entitled " SpheRjidal state 
of liquids" : — 

If a drop of water or certain other liquids be let 15''^ 
from a funnel terminating in a small and fine tube 
npon a surface of metiil rendered red hot, the following 
remarkable phenomena will be manifested: — 

1. The liquid will not wet the surface, bat will appear 
to avoid touching it, and will assume a globular form like 
that which water affects when it is diffused on a greasy 
surface, or like globules of mercury upon glass. 

8. Instead of entering into violent ebullition, as might 
be expected, the temperature of the liquid will be very 
little affected, and the drop of water will either remain at 
rest, or be affected with gyratory motion. 

S. When the surface on which it rests is cooled down 
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to tlie temperatnre of 400° or 500*, the liquid will begin 
to diffuse itself on the snrfiice, and will be suddenly 
scattered with violence in all directions. These experi- 
ments can he most conveniently made with a shallow 
capsule of metal shaped like a watch-glasa, which can be 
kept at a white heat by a powerful lamp. The liqnid can 
be let drop upon it by a fine pointed syringe or funnel. 

I have recorded this pecnliarity of water, because it is 
one upon which boys aa well as men can make valuable 
experiments, and because it has been thought that some 
of tbose terrible steam-boiler explosions, of which we too 
frequently hear, are caused by the explosion of water 
within, which in coutsict with a iiiglily-heated surface 
becomes spheroidal as above stated. Some have also 
broached the idea that the water in these cases not only 
assumes the conditions alluded to, but ia even decomposed 
into its constituent elements of oxygen and hydrogen, 
which, if it is the case, would amply account for the wide- 
spread destruction which occurs. 

There is no doubt at all of thif, that no safety-value 
yet devised will counteract the effects of a sudden ami 
instantaneous increase of pressure within a steam-boiler. 
It literally has not time to act until the mischief IB done, 
the explosive force acting iirst upon the parts immediately 
adjacent to the scene of action. 

This is often proved by the bjrsting of bd ordinary shot- 



gna, which will occur from a crUae njiparently quite iii- 
sufficient to produce sncb a disaster. A email piece of 
dirtj for instance, ntopping the muzzle never bo loosely, 
will not be driven out, as would he supposed, when the gun 
is fired, but will inotead cauae it to burst, A piece of thin 
paper pasted over the muzzle will do the same, slight as 
tha obstruction may appear to be, although it would 
naturnHy he supposed that snch a substance would iu- 
stantly tear and allow the charge to pass through it. 

Take a glass tube and blow a pea through it, which all 
hoys know is a remarkably easy thing to do. Put a cork 
in the end or close it with a linger, and try to hit your 
finger with the pea ; you will see it stick' fast to the 
side of the tube, you can't blow it forward at all, and all 
you do in the attempt is to condense the air in the tabe, 
and cause it to press the pea firmly against the side. 
Again, take a glass tube, and cutting out a disc of card- 
board with a central hole to fit the tube, attach it to the 
end. Upon this lay another disc of the same size, say 
two inches diameter, now blow off tlie top one, holding tha 
tube npright. Of course it is easy to do so I Is it ? Yoa 
will get black in the face before you can do it, although 
there is apparently nothing to prevent it. 

This lust ex|ieriment has hardly, perhaps, as yet received 
s satisfactory explanation, but all tends to show that 
causes may exist for explosion of steam-boilers against 
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whicli it 18 difficult wholly to provide. Safety-valves, 
however well desif,'iied, liave often failed in their actiou, 
and before the suddenly-iacreased pressure has had time 
to lift the valve, the hoiler hns given way. It is different 
with a [iressiu-e gradually and steadily increased. In this 
case the force spreads evenly, and the valve provided for 
the purpose feels the effect, and has time to yield to it, 
thus saving the catastrophe that must otherwise occur. 
If you stand at a railway station, you will not see the 
steam escape in a series of puffs from the safety-valve or 
the top of the boiler, but pouring forth in a steady stream 
as soon as it has attained power to lift the valve from its 
seat. I may remark, too, that if you cnuld look into the 
boiler you would see no steam at all, but a perfectly clear 
space above the water, because steam is not visible until, 
on escapinj? into the aimospliere, it becomes cooled and 
condensed into minute drops of water. If you look at 
the glass guage which shows the exact height of the 
water iu the boiler, and of which the upper part is full 
of steam, you will not see the latter, which is never- 
theless there, and ready to do you faithful service at any 



Water is commonly said to boil at 212" of Fahrenheit's 
thermometer, and this may be said to signify that, at 
ordinary atmospheric pressure, it will at that temperature 
be converted into steam; and the more you stir up the fire. 
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the more rapidly will the process take place, until the water 
becomes, as we say, wholly boiled awa)'. Like many other 
commoD sayings, it is not exactly true that water boils 
lit this temperature, because it depends ou various con- 
comltitiit circumstances. The water, for instance, ma>t be 
pure and the barometer at a certain height, i.e., the weight 
of the air must be at a specified number of pounds to the 
inch of surface, which the barometer will show as equal to 
29-921 inches of mercury. If the pressure of air is less, 
as on the top of a mountain, the boiling-point will be at 
a lower temperature. At Ear^gea, in the Pyrenees, 4164 
feet above the level of the sea, the boiling- point is 204*8, 
the barometer etanding normally at 25-5I. 

Now in a steam-boiler the pressure is of course very 
great indeed, and rises with every degree of heat applied, 
and the water in this case is not converted into steam 
at 212°. In proportion to the increase of pressure, the 
increase of the temperature at which the water boils takes 
place. The presriure of steam on the inch at what is called 
one atmosphere is 15 lbs. If this is raised to 30 lbs., the 
temperature of the water at boiling-point will be 250* 
instead of 212.° Before we can state, therefore, the tem- 
perature of the water when it begins to pass into a slate 
of vapour, we must know what the pressure is upon each 
square inch of its surface. 

Before we can understand the steam-engine thoroughly. 



we must also kuow how mach steam a certain quantity of i 
water wili produce, and this is remembered easily enoiigli, 
for a cubic inch of water will expand into a cubic foot of 
Bteam, or so nearly that this will answer as the Btarting- 
poiiit for any culculatious that it may he necessary to 
make upon the matter. Let us go a step further. Suppose 
we place a cubic foot of water into a close vessel and 
eviiporate it into steam, it ia evident that it will exert 
an enormous pressure on all sides, tending to hurst tlie 
vessel, or boiler aa it is called iu reference to the steam- 
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It is this pressure which is made use of in the steam- 
engiue, and the limit to which it can be raised is probably 
that of the strength of the boiler. lo the present 
day these boilers are made with great care and skill. 
They are of iron plates riveted together, geuerally in the 
form of a cylinder, as it is the simplest and also the heat 
to withstand internal (or external) pressure; aud in order 
to add to the heating surface, and thus raise the 
necessary steam aa quickly as possible, tubes pass tlirougli 
it, either a number of small diameter, as in railway and 
marine-engine boilers, or fewer, as in the Cornisii 
engines, in which there is either one large tube going 
through from one end to the other, or this is turued and 
brought back again, forming a pair of tubes, in which the 
fliime from the fire-grate and the heated gases constantly 




circalate. Theee tabes do not weaken the boiler, as 
might very naturally be Bapposed, but act ae stays or 
bonds. Those of a locomotive, which may be as mauy 
as 200, of about two inches diameter, and which run 
from the fire-bos at one end into the snicike-box at the 
other, are fixed into the two exte'ial plates by conical 
rings of steel, driven into them at the ends when in 
place, thus forciu<r them outwards against the boles 
tliroagh which they pass, These end plates are of mnch 
thicker iron than the rest of the boiler, because the 
number of boles made in them weakens them, in addition 
to which it would hardly be possible to fix the tubes in 
thinner plates, as there would not be sufficient substance 
to resist the pressure of the conical ferrules. Fixed by 
these, any of the tubes can at any time be easily removed 
and new oues supplied in case of wear or accideutiil 
breakaj^e; and in engine-works you may often see whole 
piles of these tubes which have beeu removed, in order to 
get at the inside of the main boiler, atid which will be 
replaced and secured as before in a very short space of 
time. 

Large boilers are, in addition to careful riveting of the 
plates, strengthened by stays and struts inside of cast or 
wrought iron, to assist in resisting the enormous strain 
to which they are subject when in use. This strain, at 
40 lbs, to the inch, will amount to no less than 2} 




■tooB to the foot, tending to tear the plates asauder. Thift 

■pressure is, however, as s role, considerably exceeded, 

and with perfect safety if the boiler is well made ; yet 

tbe plates of which it is composed are less than half an 

iucli in thickness. 

Perhaps some of my readers may wonder how it is that 
they do not see any of the rivets when looking at a 
railway engine, except those at the two ends. The 
j'easou of this is, that the body of a boiler is always 
covered with a lagging, as it is called, of wood, with a 
layer of woollen felt underneath, to prevent the heat from 
escaping by radiation, as it would otherwise do. This is 
laid on in thin strips, and hooped over like the staves of a 
cask, and it ia then painted a bright green or other co'our, 
and varnished. The actual boiler plates are thus wholly 
concealed, and the engine wears a bright aud handsome 
appearance, which ia enhanced by the bright gun-metal 
fittings and polished rods of iron and steel. 

The main point to he aimed at in the construction of 
boilers is, to give as large a heating surface as possible, 
eo as to produce steam with rapidity, and with a small 
consumption of fuel. Hence, the value of tubes, through 
or round which the fire and hot gases are made to 
circulate, each of which represents therefore so many 
square inches or square feet of heating surface. In 
spite of all care in lagging both boiler and cylinders, 
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it ie fonnd impossible to utilise satisfactorily all the hent 
given o£f by tlie buruing fuel. There is always some 
degree of waste, and although, as a rule, the cylinders 
are broiiglif. as near the boiler as possible, the iiressure 
existing in the boiler is never wholly imparted to iht!:n. 
Some engines, too, consume more fuel in proportion to 
the water converted into steam than others niude from the 
same patterns, and in all respects exactly like them. 
There is, in point of fact, even in the best-made engiuea, 
a great loss of power from excessive friction and other 
causes, in spite of constant so-called improvements and 
additions. But of ail engines to waste power, models are 
the worst. They are, as a rule, the most useless and 
unsatisfactory machines in existence. There is, first) 
the ditiiculty of heating f.ha boiler efSciently, especially 
where gas cannot be had for the purpose. The fire- 
grates, if such there be, are too smiill for coal, coke, or 
charcoal, and the draught insufGcient. If spirits are used, 
they boil over, joints are unsoldered, paint burnt off, a 
great mess made, and very probably substantial injurj- to 
the table is the result. With regard to solder, indeed, I 
readily admit it should never be used, but in small 
models it almost becomes a matter of nece=sity, and in 
bought ones cheaply made, it is quite certain to have a 
place. I have seen a pretty locomotive take its first 
trip half the length of a table, and quietly fall to pieces 
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then aud there, while the spirit, having boiled over and 
igiiited, meandered io lumiuous streams all over the 
table. It is always, tberefuie, the best plan to work upon 
as large a sciile as the state of the fuuds will allow; and 
our eugine with its three-inch cylinder never gave ua 
much trouble in the above particulars, because all the 
parts were large enough to be put together with screws 
and bolts and rivets, and the boiler bad a sufGcieut fire- 
grate to allow a good layer of charcoal to burn within it. 
The draught, too, so necessary to keep the fuel in a state 
of incandescence, was amply maintained when the engine 
was at work by sending the waste steam up the chimney 
in the orthodox way. As to the additional labour 
entailed by a model of large size, it was not to be com- 
pared with the advantages otherwise gained. Moreover, 
we gained far better practice in filiug aud fitting than we 
should have doue with a very small eugine. 

The first thing we did was to make a very careful full- 
aized drawing of every part — a true working drawing, frum 
which we could take off distances and sizes, with the cer- 
tainty that we should be right if we followed them exactly 
in the couatruclion of the engine. Without such drawing 
our work would have been of that bajiliazjird kind which 
never did answer and never will. We had, moreover, 
here an advantage over makers of large engines, in that 
we could draw every detail of the full size, thus escaping 
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chance mietakes, which often occur in reading from a 
Boale. lu IE achiue- works, drawings are made of a certain 
number of iuclies to the foot — three inches, for instance, in 
a drawing signifjing three feet, or any other quantity 
determined. It is easy to uuderiitand how, in making 
drawings, or in reading them off for the actual construc- 
tion, mistakes are liahle to occur, which mny, perhaps, not 
be discovered until the viirious parts are ready to be put 
together. With our own drawing, three inches stood for 
three inches, and we were not obliged to refer to any Ecala 
of parts in the prosecution of our work. 

Centre lines were not forgotten as starting-points from 
which to measure right and left, so that if a slight error 
was made, it would not be multiplied by constant repeti- 
tion. No one accustomed to work as boys usually do, in 
a happy-go-lucky style, can have any idea of the con- 
fidence imparted to a workman who feels that the draw- 
ings laid before him are thoroughly trustworthy; and to 
work with confidence is to work in a mnsterly manner. In 
making, for instance, the connecting rod, or in filing up 
a bearing, or turning the axle of the fly-wheel, we had 
not to 6et each up in its place to try whether it was 
exactly the size required. All we hud to do was to refer 
it to the drawing, and if, on careful measurement with 
the compasses or callipers, it was exactly in accordance 
with the drawing, we laid it down with perfect confidence, 
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and proceeded to make eome other part. The result was, 
that when all were finished, they dropped into their re- 
spective places on the bed-plate, and every part proved 
satisfactory. 

The first consideration is invariably the accurate boring 
of the cylinder. This cannot be satisfactorily done without 
a slide-rest, althongh, no donbt, it is possible ta do it. 
There are, moreover, two methods of accomplishing this 
work. Tlie first is to chuck the cylinder, and fix a boring 
tool or inside tool in the elide-rest ; the second is to attach 
the cylinder itself to the rest, and to use a boring bar, i.e., 
a bar of iron mounted between the lathe-centres with a 
boring tool fixed in a slot which passes through it. This 
tool revolves, while the cylinder is made to travel slowly 
onwards. TJiis is the way in which large cyliuders are 
bored, and a great deal of similar hollow work; hut to ac- 
complish it the rest must he wholly self-acting, traversing 
along the bed by means of a screw or rack, to.whioh 
motion is given by a set of wheels and pinions in connec- 
tion with the mandrel. For smaller work this plan is not 
BO often used, and as onr lathe was of tlie simpler kind, 
we had to clinck the cylinder and use a fixed tool. The 
proper chuck for such work is a face-plate of iron turned 
perfectly true upon the surface, and furnished with what 
are called dogs — i.e., clamps to hold any work securely 
down upon the face of the chuck. The latter may be of 
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the univerBal Itind. There may be, first of all, the face- 
plate, aud then a pair of sliiliiig jaws like those of a vice, 
hut of curved outline, which can be made to approach each 
other, either by a single screw with a right thread on one 
hnlf nnd a left-hand thread on the other, or by a pair of 
independent screws. The first method forms a flelf-centring 
chuck ; the second does not, and is, for some purposesj 
advantdgeous. With this chuck, all tiiat has to be done is 
to place the cylinder on one end upon its face, and screw 
ap the Jaws until they grip it securelj'. To assist in 
centring accurately when independent jawa are used, there 
are a number of concentric circles made upon the face- 
plate as a guide. We had neither a self-centring chuck 
nor a chuck with independent jaws, hut merely a face- 
plate or circular disc of iron screwed to the mandrel, in 
which there were four slots, and in these there were 
clamps — mere hooks which could be drawn down upon the 
work by nuts underneath. Tliese held the cylinder down 
upon the chuck by means of the flange, to which the 
cylinder cover had subsequently to he attaciied. 

To begin with, we had a good look at the casting, test- 
ing it with a small T-square, to see whether either of the 
flanges was more accurately at right angles to the bore 
than the other. Finding it to he so, we first clamped 
down this one on the face-plate, getting the bore to run 
as tme as we possibly could, and then we faced i 
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onter flange as true as possible. We tbea reversed the 
c}'Hiiderj putting tlie corrected flange against the chock, 
and secured it firmly, having first interposed a small bit 
of wood, previously turned true on both sides, and hollowed 
out to about wliat would be the finished size of the 
■linder, which thus stood about half an inch ofi" the metal. 
This bit of wood was turned perfectly level on both sides, 
and its object was to raise the cylinder so far off the mefal 
that the tool could go entirely through it withoac coming 
in contact with the face-plate. The cylinder once fixed, 
was not removed until finished, except that the ed^es of 
the two flanges were afterwards turned up again. But we 
bored and turned off the face of the outer flange while 
the cylinder was on this choclc to ensure the flanges being 
exactly at right angles to the bore. This is of the greatest 
importance, because if it is not true the engine will never 
work well, as the stuffing-box will not be central, and the 
piston and ita rod will not fail to rub more on one side 
than the other. In all work needing accuracy, it is 
necessary to consider beforehand exactly how you intend 
to carry out the work to the finish after doing part of 
it well; and removing it from the lathe, you will find 
that you have got into a dilemma, and cannot get od 
without remounting the work ; and, try as much as yon 
like, you never will remount it to run exactly as it did 
before. 
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Now here again we had learned by e3C[ierleiice and by 
a previous failure. The first engine we tried lo make waa 
a brass one, because we considered it would be easier to 
tnrn. The cylinder was two inches by one and a half, and 
we drove the casting into a wooden chuck and bored ii 
out, sacceeding very fairly. We were proud of our work 
and took it out of the chnct to show a friend how well 
we had done it. We then set to worknpon the valve-face, 
aud made the ports, and, I believe, the pistoo. Next wb 
had to face up the flanges and fit on the cylinder covers 
This seemed a very easy job. We turned a bit of wood 
to fit inside the cylinder, but no 1 it was no longer trne, 
nor coald we get it so. We then turned a cylindrical rod 
and drove it inside the cylinder, so that it should be 
turned on the same centres as the rod ; but, alas 1 in 
driving it on we damaged one end of the wood slightly, 
and the back centre-point of the lathe did not fall into 
exactly the some position. We tried the face-plate, and 
at last we had to compromise matters and make the best 
of a bad job. The engine would work pretty well, but 
we never liked it, owing to the fact that we ourselves knew 
what no one else did, that it was at best a muddled job, 
and that the piston would not move freely, except in the 
exact position in which we had placed it, and other parts 
bad to be left slack to allow a little play, or tbe friction 
brought it to a etand-stiil. There is a chuck, but we did 
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not know it then, on which a cylinder can be truly re- 
mouoted, liut the best way by fur is first to trae up one 
flange, then to lay this on the face-plate and clamp it 
down securely, and never to take the cyliuder off again 
till the bore is iiuished and the other flange turned. The 
edge of the flanges are of no real importance ; the first 
can he turned when that flange is faced, and tke other 
before removing it from the chuck, after having otherwise 
completed it. Every part will thus be true, and yoa will 
have, as we found, but little trouble in completing the 
Beveml fittings. This was the way in which we turned and 
bored the three-inch cylinder of the engine which I am 
DOW describing, 

Aa illustratioas are a great assistance to the reader, and 
we are recording cur own engineering accomplishments 
in order to encourage others, a drawing is given here of 
the viirioits operations carried on, and of the various 
details of the engine itself. Fig. i8 is a section of the 
cylinder mounted ready for turnings, and as if seen look- 
ing down upon it from above. A is the part of the chuck 
which screws on the mandreL BB is the flat round part, 
the actual face-plate which has the slots in it. CO are 
the hooks or clamps by which the work is held down, and 
of which there are of course four. The face of the chuck 
is drawn at the side at H, but on a smaller scale. B is 
the flat bit of wood under the end of the cylinder, here 
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, as a board only, but in reality bored out to 
the size of the inside of the cylinder, which latter is 
represented at KK. A sectional drawing, it must be 
remembered, gives an object as it wonld appear sawn 
tbruugli dowu the centre na here, or sawn across, oi 




sawn diagonally, and is an excellent mode of drawing to 
explain machinery. F is the tool, which is supposed to 
have almost reached the bottom. It is merely a fl 
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bar to clamp in the sliile-reet, drawn out into a long 
rounded shank which iB turned to the left, and sharpened. 
The upper face is flat, the metal helow it being hevelled 
off aa shown at L, hut the flat eurface is not horizontal, 
but slightly tending upwards, which gives a sharper edge. 
Tbis will he better understood from the sketch of a 
straight tool at M of a similar kind. For cutting brass 
this face would be left horizontal, as that metal will not 
be cot so well by a sharp-edged tool. 

The tool shown here is represented with a round end, 
but for the first cut on iron a point tool is better. It 
takes off less at a out, but it produces a satisfactory sur- 
face, cousisting of a series of shallow groves of a V shape, 
which can, if desired, be afterwards obliterated by a tool 
like that in the drawing, or with a flat end, A great 
deal of turned work is, however, left direct from the point 
tool. If the feed is slow, the grooves run into each other 
BO nearly cbat a level surface is to all intents and pur- 
poses produced, and as the cutting edge is so small, leas 
power is needed to drive the tool than would be requireil 
to drive a tool with either a round or flat end. We began 
onr boring operations with an inside diamond-pointed tool, 
and at last took a very light cut with another with roon<l 
end, which produced a snrfuce over which the piston 
worked very smoothly indeed, aud which soon became very 
highly polished. Accuracy of bore is, in fact, of far more 
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real importance than smoothness of surface. The latter 
IB sure to be produced before long by tbe friction of the 
parte, even if the bore is left as it comes from the pointed 
tool; hut if the cylinder is larger at one end than at the 
other, additional wear can hut increase the error. Indeed, 
the engine never will in such case work satisfactorily, 
because the piston will be tight in one position and slack 
in another, and in the latter the steam that ought to drive 
it forward will of course escape round it and produce no 
UBfiful effect. It might perhaps be supposed that, as the 
piston of an engine is packed, generally with elastic metal 
rings, these would expand, and so fill up the space when 
the larger part of the cyliuder is reached. This is the 
case to a certain extent, hnt the friction is vastly increased 
by the powerful pressure exerted in the rings as they 
enter the smaller part of tbe cylinder at each stroke, and 
too niucli care cannot possibly be taken to miike the 
cylinder exactly the same size from end to end. 

We now bad a well-turned cylinder, with both flanges 
truly at right angles to the bore of it, and the next thing 
to do was to turn up the cover or covers. There are 
generally two of these, but one is sometimes formed by 
the bed-plate when the cylinder is to be placed vertically. 
Ours was to take this position, and therefore we only 
needed one. This was a round disc cast with a short 
tenon to fit inside tbe cylinder when turned, and with a 
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bosB on the upper side to be bored out for the reception 
of the gland or stuffing-box through which the pistoo-rod 




baa to work. Fig. 19, DE and F represents thie — P 
beiag the top view or plan, and DE the section of the 
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aanie through the stiifflng-box, which is shown as jnat 
ready to be lowered into the gland, where it will be held 
by the two Kinds and nuts, GF ia the perspective view of 
this part. The e[iace below the glaod is filled with pack- 
iig — either tow, or india-rubber, or patent metallic pack- 
ug — bat always tow in a small engine, which is forced 
into close contact with the piston-rod by screwiug down 
the gland. It mnst be well greased to render it quite 
eteara-tight, and it should not grasp the piston-rod so 
closely as to add greatly to the friction, yet closely enough 
to allow no steam to escape. 

Now, in turning up the cylinder cover, the same rule 
holds good that was mentioned in respect of the cylinder 
itself. It mast be turned as far as possible at once j it 
most, however, be chucked twice, as both sides have to 
be turned. We first turned quite truly the under side by 
driving the casting into a boxwood chuck, taking care 
that it fitted it tightly, and bedded closely down on the 
bottom of the hollow — i,e., the bottom of the inside of the 
(ihuck. There was a second deeper hollow permitting the 
boss to go into it out of the way, hut this was not made an 
exact fit, as all that was necessary was that the flat part of 
the cover should bed well down, and that the edge should 
be held securely. We now turned the first side very care- 
fully, making the tenon fit very truly inside the cylinder, 
which, being finished, we could apply as a test of accuracy 
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I at any moment. Of course, we could not get at the outside 
edge of the cover, as it was driven into the chock jast bo 
far aa to allow the tenon part to remain outside it. We 1 
had no special (iifBciiity in making a good fit of them, ; 
we had now had plenty of practice. 

Having faced up and completed this under side of the I 
cylinder cover, we turned a few coaceDtric circles upoa j 
the face of it, not deep, but about one-tenth of an in 
apart; so t!iat we could, if we chose, smear them over 
with red-lead and oil before screwing down the cover. 
This plan is commonly used in steam-engines to secure 
& perfectly steam-tight joint, but if the parts are faced 
np with perfect accuracy, no packing of any kind should , 
be needed. We had to face oars by hand with a flab- 
ended tool, because there was not space enough for a 
sliile-rest tool to traverse, ami it was a very simple job, 
not worth rigging up the slide-rest to accomplish. The 
next job was to face up and finish accurately the top of 1 
the cover. This was cast with a moulding upon it, which, 
like many other things in this world, was for mere show, 
and not for use, hut there were two plaiu fiat parts upon 
it requiring to be turned true and level. There are but 
three kinds of tools necessary for brass-work — the round 
end, the point, and the fiat tool, sometimes called a 
planisher. These are none of them made very keen, 
because a keen tool catches into btass ; they therefore are 
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gronnd to 90' or not less than 70", and even when the 
catting edge is 90° or a right angle, it is jest eased oflf 
ft little upon the hone. We had also learnt one peculiarity 
of bmss Trhich is often most annoying, viz., that it is 
given to chatter terribly, so that instead of a smooth aud 
even surface, it is all over minute waves. To prevent 
this, some put a bit of leather ou the rest under the tooi, 
but the best plan ia not to lay the tool quite flat upon 
the rest, but to raise it a little at one corner — something 
like the way in which a chisel is raised for wood-turning. 
The edge thus attacks the metal diagonally, and if a little 
play or spring is allowed it hy the hand, it will cut very 
cleanly and the annoyance will cease. There is another 
thing or two worth mentioning here In respect of this 
materia], which applies to gun-metal as well. 

In commencing to turn brass-work, the rough outside 
will alwaya be fouud sadly detrimental to the tool. This 
is because it contains numberless fused grains of sand 
imbedded in the metal, which are intensely hard. To get 
nd of these, the castings are often thrown for a short 
time into a pickle of sulphuric acid and water, which by 
its solvent property destroys this surface and renders the 
metai fit for the lathe. With a pickle of nitric acid of 
nitric and sulphurio mixed, a beautiful colour is given to 
tough castings, which are then dried in hot sawdust after 
being washed well in water, and left Id the rough state. 



GLAND. 2a T I 

edges only here and there beiug tnrnei], and burnished, 1 
and lacquered. By bnrnisliing tbe cutting edge of a I 
Bcrapirig tool for brass, a beautiful lustre will be given to I 
the work which no emery polishing can beat. We were ] 
not, however, up to these various dodges, and patiently J 
worked on the castings as best we might, until, by dint I 
of labour, we put upon them a sufficiently satisfactory I 
face. I 

There was no great difficulty to be overcome in facing. J 
this cylinder cover, but we had to take special care to J 
drill it centrally to the size of the piston-rod, and thea I 
with a very narrow round tool we hollowed out to a cup- ' 
like shape the place for the gland — i.e., we first turned a 
cylindrical hollow, and then rounded it at the bottom, bo 
that the gland would slide accurately into it, and the 
packing would be pressed sideways against the piston-rod 
as well as downwards. For the same reason the gland 
itaelf is generally cup-shaped below in the opposite 
directii)D. 

Before removing the cover from the chuck, we held a 
point tool 80 as to mark a circle a quarter of an inch from 
tbe edge as a guide in drilling the holes to receive the 
bolts by which it was to be attached to the cylinder. If 
the drawing is inspected, it will be seen that the cover 
has a flat part Just outride tbe stuffing-box at ah, then a 
moulding, and then a flat part again. That marked ah 
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was to take the ends of a pair of gaide-'bars, of which 
mention will be made again by and bj'. 

The piston H and its packicg KK is shown in its pla^e 
in the cylinder. The pacliiug here was of tow, wcnnd into 
a groove left for the purpose in the edge of the piston. 
L is the piston-rod riveted into the middle of the piston, 
in which a hollow is made below to receive the head; 
ahc are called the ports or steam-ways. Oue side of the 
cylinder is cast with a thick projectinn extending from 
one end of it to the other, and in this are cast, or cored 
out, as it is called, two channels by which steam is admitted 
alternately above and below the piston. These do not 
run into each other, but have an exit as shown. There 
is also a central passage, which is clear of the others and 
lies between them, being connected with a pipe screwed 
into the side of this part, whence it turns either into the 
air, into the chimney, or into a condenser, in which, in 
low-pressure engines, the steam is again converted into 
water by exposure to cold. In our engine this pipe was 
carried into the chimney of the boiler to increase tho 
draught, as it always is in locomotive engines, and it is 
from it that the incessant pnffs of steam issue with such 
a loud noise, the result of the high pressure at which it 



M of this same drawing is the eccentric of cast iron 
with its ring or Btrap ti brasa. K is the hole through 
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which (eccentric to the real centre) the axle of the fly- 
wheel passes. We shall speak of this agaia and point 
out its action, its object beings to move the slide-valve 
which has yet to be described. The strap or hoop ia 
generallj- made in two parts, with lags or projections to 
receive bolts, by which they are again nnited when in 
their place upon the sheave M. To prevent the hoop 
from slipping off the disc sideways, the latter is turned 
with a deep rectangular groove, which allows the hoop to 
enter it a little way all round, or there is a pin which is 
screwed into and quite through the hoop, so as to fall into 
this groove, or the hoop is channelled on the inside and 
the disc itself enters this channel. 

The pin was the easiest plan, and was therefore the one 
which we ourselves followed. It is, however, jnst as well 
in a small engine to bore out the eccentric and leave it as 
one piece, and, having slipped it over the sheave or diso 
of the eccentric, to attach to this another thin disc on 
each side ; or, lastly, to tarn the disc so as to leave one 
rim standing up, and then screw on one disc only ou the 
opposite side. 

In all snch matters as this there is a vast difference 
between a model and a large engine. The latter has to 
be constructed so as to give to all parts the greatest 
possible strength combined with the necessary freedom of 
motion in the moving parts, la a model, JricCion is the 
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great drawback to success. A very little will often suffice 
to {ireveut the macliine altogether from working, and in 
every case it conauinea by far the greater portion of the 
power, so as practically to preclude small engines from 
doing useful work. Nothing will counteract this CKcept 
careful fitting and ample lubrication, especially in respect 
of the piston and slide-valve. In very small engines the 
stuffiijg-hoxes are left whoUy without packing, and a very 
little tow or cotton is all that can be allowed round the 
piston. 

With the cylinder, however, 88 large as the one made 
by us, useful work was really possible, although such a 
small engine cannot be worked with economy. The same 
cost for fuel which will produce a given amount of power 
in an engine with a three-iuch cylinder will suffice for 
a cylinder twice as large, and with twice the effect. 
Engines of small cylinder surface are generally driven at 
a very high speed, and are worked at high-boiler pressure; 
but tliose of large cylinder:*, such as are used in Cornwall 
as pumping engines for mining purposes, and which are 
usually on the condensing principle, are workyd at low 
pressure, and very slowly indeed. Massive engines, again, 
are fitted with cylinders of large diameter in proportion 
to their height, and the stroke being very short, they are, 
in screw- steamers especially, worked at great speed ; but 
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they are almost always condensing engines, not high pres- 
sure, like land and locomotive engines. 

As we have drawn aQ eccectric and its strap, we may as 
well say a word or two more about it, for it ia ao essential 
part of every engine. It is, in point of fact, only a crank, 
tut usually of very short throw or traverse. Whether it 
IB a fancy or no, the eccentric appears a much mora 
smoothly working contrivance than an ordinary crank, and 
yet, if the pin of the latter were to he greatly enlarged, it 
would become one. The eccentric stroke is twice the 
distance between the centre of the disc and that of the 
crank shaft, or between its real centre and that which is 
used aa such; for if the drawing is inspected, it will be 
seen that the hole for the axle is a little on one side. 
The object of this part of an engine is to work the slide- 
valve, which only has a comparatively short traverse, and 
whose office is to close and open alternately the ports of 
the engine so as to admit and cut off the steam. This 
valve 13 like an oblong box with a broad rim round its 
edge. When placed in the middle position, it covers all 
three ports, the central one being covered by its inside or 
hollow part, and the top and bottom ports by its broad 
rim or flange. Outside it is entirely cased in by a large 
box called the stenm-chest or valve-casing, and into this 
the steam is admitted by a pipe from the boiler. When 
all the porta are closed, this steam cannot get into the. 
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cylinder at all, Lut when by the rotation of the crank- 
shaft the eccentric comes into action and causes the valve 
to slide down or up a little distance, either the upper or 
lower port leading to the cylinder is opened, so thiit stenm 
can pass through it into the cylinder, and at the same 
time the other two ports are connecied by both being iu- 
Bide the valve or box, so that the steam can escape by 
that port into the valve, and ont again by the niiddle port 
into the air or into the condenser, 

I have explained this because I remember well how, at 
a boy, the action of this valve puzzled me, and how, ir 
every model I attempted at first to make, I tried to follow 
some other easier plan j yet after all it is a simple method, 
and an inspection of the drawing will render it clear. 

TT is the valve-casing or outer box into which steam 
from the boiler passes by the steam-pipe. Now if V, 
which is the slide-valve, is inspected, it will be seen that 
inside it the ports a and b are connected, but not £, 
which is, however, open so that steam can enter it. Tiiis 
steam too, getting under the piston, will force it up in 
the cylinder, and any steam or air which is above it will 
go down through the upper port and into the slide-valve 
and thence into the middle port, and so escape. Just 
before the piston gets to the top, the rod of the eccentric 
moves the valve down so far that the lower port and 
centre one come into connection inside the valve, whila 
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the top one is now open for steam to enter the top of the j 

cylinder. It will push down the piston, therefore, while I 
the steam imderneath it from the last stroke will escape 
iiilo the middle port as before. So by the slight move- 
ment of this cleverly-arranged elide-valve, the alternate 
np-and-down movement of the pistoo is secured, and the I 
engine kept at work. The outer box or valve-casing has 
its stuffing-box just the same as the cylinder through 
which the valve rod passes steam-tight. Tliis rod is the 
same as that marked E on the eccentric, but drawn to a 
much smaller scale. 

It is necessary, of course, to make the valve move 
Bteam-tight, but very smoothly upon the surface on which 
it slides, or else steam would get under it and interfere 
with the working of the engine. This is one of the difE- 
culties to be mastered in making, and this is how we 
succeeded. The valve was brass, and we first of all tiled 
its face as level as we could, trying it by a straight-edge 
or thin steel rule (the blade of a square). When it 
seemed to be quite level, we finished by rubbing it on an 
old school-slate, which brought it very soon to a beautiful 
face. We wetted the slate during the process. Then it 
was necessary to get a similar face npon the part on 
which the valve was to work. It was more difficult, 
simply because the surface was larger, hut we did it in 
the same kind of way, first filing and then rubbiog down, 
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and we toot great care to keep tlie face of the part parallel 
to tbe inside or bore of the cylinder. 

In every case, nevertheless, a little play must be allowed 
to the slide-valve, which must be so attaclied to its rod 
that the latter does not in the least tend to lift it. The 
Bteain pressure will beep it close if it is allowed to 
do so. 

There are several methods of doing this, bnt we followed 
that commonly used in locomotive engines, and shown 
in the same drawing at Nos. i, 2, and 3. This is a 
frame of iron, left white in each of the sketches, which it 
will be seen spans the whole of the valve, and into a boss 
on which the rod is screwed : 1 is a view from the back; 
2, from the side ; 3, a perspective view, which will assist 
also in rendering more clear to the reader the form of the 
valve itself, with its broad flange acting as a cover to 
the ports. Tliis frame fits round the valve, but quite 
loosely, BO as only to move it up and down, hut not bo as 
to hold it. Thus the steam can act freely in pressing it 
against the valve-facing. At fig. 4 is seen a hinge 
wliich allows free play to the eccentric rod, and by which, 
when expansion gear is not used, hut the valve worked 
direct from the eccentric, the valve can be moved without 
the intervention of any guides. This, however, brings a 
little undue strain upon the stuffing-box, and consequently 
the frame has often a second rod and stuffing-box od the 
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I ^poeite side, which of course keeps the rod in a direct | 
le. But we were not content with either plan, 'V 
made ou)a to reverse, and to cut off steam at any part of 
the stroke, by which we entailed npon ourselves the 
trotihle of fitting two eccentrics instead of one, and also 
Bome levers which this action renders neceasaTy. 

Let me explain, first of all, about this cnt-off system, 
commonly named expansion gearing. In a high-pressure 
engine, the steam may he entering the cylinder with a 
force of forty, fifty, or a hundred pounds pressure on 
the square iuch, giving to the piston, according to the 
number of inches of its surface, a great degree of impetus. 
Economists have argned that there is not the slightest 
occasion to continue this impetus throughout the whole 
stroke, hut that the steam may be cat off before it is 
nearly finished, aud allowed to continue its action on the 
piston by its expansive force, which, though it will of 
course gradually get less and less, will suffice to drive the 
piston forward. The steam is therefore admitted at full 
power for a second, and then the valve moves and cuts it 
off altogether, and the piston continues its journey under 
a diminished pressure, until by the opening of the other 
port its action is reversed. 

Locomotive and marine engines are always fitted with 
expansion gearing, but not generally speaking farm 
engines, and it is not commonly applied to fixed engines, 
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uDlesa of a very large size. A good deal depends on \ 
price of fuel. In coal districts, where it is cheap, et 
is not miicli studied, but where the supply is more limited^ 
it becomes very important to reduce in every possible way 
the quantity required to work a steam-engine. 

It is evidently, therefore, a great object to do tbis in 
ocenn eteiimersj whicb have to carry their supply of coal 
on board, and whicli have, perhaps, long voyages to make, 
with no opportunity of renevriog their stock of fuel. 

Our own object, however, in using expansion gearing 
was a very different one. It was solely because we wiiilied 
to make our engine as perfect as we could. 

I have spoken also of reversing action, which, as all 
young travellers know, is absolutely necessary in a loco- 
motive, which they will, no doubt, have frequently noticed 
as capable of going backwards or forwards at pleasure ; and 
they will have also probably noticed that the engineer in 
charge, when desiring to change the direction, pulled 
towards him or pushed from him a handle. This handle 
is connected by levers with a pair of eccentrics on the 
crank axle, one being the forward, the other the back- 
ward eccentric, either of which can be brought at pleasure 
into gear with the rod of the slide-valve. 

This link motion is shown in fig. 20. BC are the two 
eccentrics, keyed on the same axle, D, side by side, but iit 
right angles to each other as regards their throw ; EF 
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^I"; the eccentric rodB, which are pivoted at G to a pair of 
'-'g's, one at each end of the link L, which is suspended 
t R from a cranked lever OAR. A is the fixed point 
a wliich this lever turns, so that if the handle is pulled 
Lck, it will pull up the liuk with it, raising the end Q 




J eccentric rod E, and also that of F. K is the rod 
of the slide-valve, working between guides, HH ; but 
if there are two sluffing-boxeB to the valve-caBing, these 
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unless of a very large size. A good deal depends on arallel 
price of fuel. In coal districts, where it ia cheap, econoL 
is not tQiich studied, hut where the supply is more limited,-^ 
it hecomes very important to reduce in every possible way 
the quantity required to work a steam-eng^ine. 

It is evidently, therefore, a great object to do this in 
ocean steuraers, which have to carry their supply of coal 

board, and which have, perhaps, long voyages to make, 
with no opportunity of renewing their stock of fuel. 

Our own object, however, iu using eu|K^^-.2eariiu 
was a very different one. It was solely 1 
to make our engine as perfect as we coJ 

I have spoken also of reversio 
young travellers know, is absolutely net 
motive, which they will, no doubt, hava^ 
as capable of going backwards or forwardBiJ 
they will have also probably noticed tlu 
charge, when desiring to change the ■! 
towards him or pushed from him a han^ 
is connected by levers with a pair of ej 
crank axle, one being the forward, the < 
ward eccentric, either of which can be broij 
into gear with the rod of the slide-valve. 

This link motion is shown in fig. 20. 
eccentrics, keyed on the same axle, D, sidpl 
right angles to each other as regards tl 
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unless of a very large size. A good deal depends on . 
price of fuel. In coal districts, where it is cheap, econoiV 
ia not much studied, but where the supply is more limited^ 
it becomes very important to reduce in every possible way ^ 
the quantity required to work a steam-engine. 

It ia evidently, therefore, a great object to do this in 
ocean steaniers, which have to carry their supply of coal 
on board, and which have, perhaps, long voyages to make, 
■with no opportonity of renewing their stock of fuel, 

Onr owu object, however, in using expansion gearing 
was a very different one. It was solely because we wished 
to make our engine as perfect as we could. 

I have spoken also of reversing action, which, as all 
young travellers know, is absolutely necessary in a loco- 
motive, which they will, no doubt, have frequently noticed 
as capable of going backwards or forwards at pleasure ; and 
they will have also probably noticed that the engineer in 
charge, when desiring to change the direction, pulled 
towards him or pushed from him a handle. This handle 
is connected by levers with a pair of eccentrics on the 
crank axle, one being the forward, the other the back- 
ward eccentric, either of which can be brought at pleasure 
into gear with the rod of the slide-valve. 

This liiik motion is shown in fig. 20. BC are the two 
eccentrics, keyed on the same axle, D, side by side, but iit 
right angles to each otbei as regards their throw : £7 
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are the eccentric rods, which are pivoted at G to b pair of 
Iiiga, one at each end of the link L, which is snspended 
at R from a cranked lever OAR. A is the fixed point 
on which this lever turns, so that if the handle is pulled 
back, it will pull up the link with it, raising the end G 
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of the eccentric rod E, and also tluit of P. K is the rod 
of the slide-valve, working between guides, HH ; but 
if there are two stuf&ng-boxeB to the valve-casing, theee 
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unless of a very large size. A good deal ucpcuuB uu ^ 
price of fuel. In coal districts, where it is cheap, econoix 
is not much studied, but where the supply is more limited^ I 
it becomes very important to reduce in every possible way 
the quantity required to work a steam-engine. 

It is evidently, therefore, a great object to do this in 
oceiin steamerd, which have to carry their supply of coal 
on board, and which have, perhaps, long voyages to make, 
with no opportunity of renewing their stock of fuel. 

Our own object, however, in using expansion gearing 
was a very different one. It was solely because we wished 
to make our engine as perfect as we could. 

I have spoken also of reversing action, which, as all 
young travellers know, is absolutely necessary in a loco- 
motive, which they will, no doubt, have frequently noticed 
as capable of going backwards or forwards at pleasure ; and 
they will have also probably noticed that the engineer in 
charge, when desiring to change the direction, pulled 
towards him or pushed from him a handle. This handle 
is connected by levers with a pair of eccentrics on the 
crank axle, one being the forward, the other the back- 
ward eccentric, either of which can be brought at pleasure 
into gear with the rod of the slide-valve. 

This link motion is shown in flg. 20. BC are the two 
eccentrics, keyed on the same axle, D, side by side, but nt 
right angles to each otber as regards their throw ; £F 
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are the eccentric rods, which are pivoted at G to & pair of 
hig9, ODC at each end of the link L, which is saapended 
at E, from a cranked lever OAR. A is the fixed point 
on which this lever turns, so that if the handle is pulled 
back, it will jmll np the link with it, raising the end G 
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of the eccentric rod E, and also that of F. K is the rod 
of the slide-valve, working between goides, HH ; hut 
if there are two stufBng-hoxes to the valve-casing, these 
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are not required, as their object is to caase the rod to 
move in a right line. M is an arched piece of iron wiih 
notclies ill it, iuto which falla a spring catch N, counected 
with a secoiidarj' handle near that of the main lever, being 
piv.ifed to it. 

Now it will be noticed that EGK are in a line, and 
that the motion of the eccentric C will be imparted 
directly to the valve-rod, just, as if the whole were a simple 
eccentric and valve-rod, but the lower eccentric rod in its 
preseut posillou will only caase the link to vibrate without 
moving the valve-rod at all. There are other forms of 
link nsed, but this is the most comniou. To reverse the 
engine, the lever D is pulled back uutil the other eccen- 
tric comes iuto a line with the valve-rod, and by drawing 
back D, or pushing it forward to a short distance only,. 
aecuriiig it by the spring catch N, the traverse of the 
valve becomes limited, and the steam is cut o£f at any 
desired point of its stroke. If this drawing, which repre- 
sents the levers as they would appear in a locomotive 
engine, is turned so as to place the letter B and eccentrics 
at the bottom, it will exactly represent the link as applied 
to our engine, in which, as will he described by and by, 
the cylinder was placed with its stuffing-box downwards, 
and tlie crank axle was down below it, which ia a capital 
plan, as the more the weight is placed at the bottom, the 
steadier an engine will work. It makes no sort of 
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difference whether or not. the cylinder ib horizontal, or in I 
any other handy position, | 

The reason thiit a link motion eerves to reverse an 
engine is this : When the piston is equally in the niiiltlla 
of its stroke, where we may suppose it to have arrived 
at the time the steam was turned off and the engine* 
Slopped, it is evident that it will be ready to more I 
indifferently in either direction according to whichever 
Bide steam is first admitted. By the war in which the 
eccentrics are fixed, one will be ready to move the slide- 
yalve in one direction and the other in the contrary I 
direction, and this link enables the engine-driver to I 
throw either into action at pleasure. He has conse- I 
quently power to admit the steam to either side of the | 
piston as he pleases, or to stop the engine by drawing np 
the link till the slide and stud P of the slide-valve rod 
falls half way between E and G, when the motion of the 
eccentrics will only canee the link to oscillate upon F i 
without moving the valve-rod at all.. I 

It mnst be clearly understood that the only union 
between E and K is by the link — the piece P being 
attached to the valve-rod, and the link sliding up and 
down upon it. The link is attached to E and F perma- I 
□ently at GG. When, therefore, the link is raised by I 
■ the levers, the eccentric rods go with it, but PK do not I 
H The arch M is fixed to the bed-plate in a locomotive, and ] 
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occupies ft plaoe close to the eogioe-driver's right hand, bo 
that it is not situated, as here, over the eccentrics, but a 
Jong way behind them; and the connection is made with 
the bell crank A, by a long flat rod, which would be 
attached at about the point ON, and this would not be 
the handle, as represented bere, but only a cranked lever. 
This is one of the cleverest inventions connected with a 
locomotive, and is now also njiplied to englues for many 
other purposes. It works easily, is not liable to get oat 
of order, and enables the expansion principle to be carried 
out to great nicety. The arch is here represented as 
single, but in practice two are placed side by side about 
two inches apart, and the lever works between them. All 
these levers are flat bars with forked ends, and we made 
ours in the same way, filing up all of them, or grinding 
them on emery wheels where perfect surfaces were not 
needed. 

In making a working drawing of this part, to get the 
proper curve of the link, which is, however, sometimes 
made straight, we struck the arc from the centre of D the 
crank-shaft, which brought it as nearly as possible correct, 
80 that if worked smoothly. The slide P, it is evident, 
must fit and yet not jam in the link. It was made thns : 
The end of the valve-rod was forked so bb to span the 
link, and the plate P, of which the hindmost only !■ 
shown, but on the near side is a similar one. The circle 




» 



241 

at P is a pin, which is tamed to fit nicely between the 
Bides of the link, and which extends through it. It has 
a shoulder turned down, and the tenons thus formed are 
screwed, and the flat plates are then screwed to them. 
The small fig. 2 will make this clear. AA is one side of 
the link, B the round piece of iron or brass turned with 
tenons, on which plates CO are screwed or riveted. At 
P is seen one plate, which, as the dotted continuation of 
the lines shows, goes across both sides of the link; and 
the similar plate represented as removed would he on this 
Bide. The rounded part, therefore, alone is between the 
sides of the link, and will move up and down freelj in 
spite of the curve, which is as easily traversed as if it 
were straight. The forked end of the slide-valve rod is 
dotted, and merely to show that it spans the plates, and 
is attached to the same tenons as they are. It would of | 
course be in reality standing straight out towards the 
spectator, and not hanging down as drawn; in fact, it 
could not occupy the latter position, because it is held ap 
by the guides. 

It is now necessary to say a few words about the action 
of the ec«entric. Its entire traverse or stroke is, as stated, 
twice the distance between the real centre of the disc 
keyed on the shaft and the centre of the latter, and this 
is exactly the traverse it will give to the slide-valve. In 
setting it ont, therefore, the two centres, i.e,, its own and 
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the centre of the hole to be made in it for the cranlc- 
elmft, are to be the aame distance apart as the stroke of 
the valve in either direction — i.e., the width of the jiort 
and a little over — u very little, so as to make sure that 
tlie valve will cover it, and ti'avel just beyond it before 
the motion begins in the opposite direction. All crank 
action is alike in one particaiar, whether produced by- 
eccentric or otherwise. The action npon a slide actuated 
thereby is not of equal speed throughout, being greatest 
when in the middle of the stroke, and least when at the 
ends. This is not a great drawback to its use, as it is 
counterbalanced by its extreme handiness in other respects. 
The eccentric, considered as a crank, must be at right 
angles, or nearly so, to the other crank driving the fly- 
wheel. Its greatest throw must be at a time when the 
other crank is at its least, or on the dead centre; but the 
eccentric having to begin its work of opening tlie valve 
a little before the piston is at the end of its stroke and 
the crank in the position named, it is set forward a little 
upon the shaft, instead of being quite at right angles to 
the other. 

Having entered almost necessarily into explanations of 
the action of eccentrics and of link motions, we must now 
go on to state how we actually made these portions of our 
engine. We left off at the boring of the cylinder and 
fitting of its covers, with the facing up of the valve and 
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^V its Beat. The valve-casing and its cover was merely n, 
^B matter of filing and neat fitting — the gland heing small, 
^V -was cut with a thread ontaide, and screwed intn ita place, 
^B the boas being drilled and tapped for that purpose. We 
^B jnst ran throngh the boss a drill the aize of the valve- 
^1 rod, and followed it with a larger, which was carried 
^B down nearly to the bottom, but not qnite, bo that it made 
^m B recess, of which the bottom was tapering. The proper 
^V tool for this sort of work is a re-centring or pin-drill, i.e., 
^K a drill with a projecting end, which goes into the hole 
^B first drilled, while its edges cat tlie cavity larger. This 
^K ensures the cavity being concentric with the hole originally 
^B made. These pin-drills are used very extensively in the 
^1 mechanical trades to form countersunk holes for cheese- 
^H headed screws, and should form part of every amateur 
^B mecliaiiic's stock in trade. If our readers go to the 
^1 gonmaker, he will show them several kinds of this useful 
^1 tflol, which he uses to a very great extent. They will be 
^m found also at any raachine-ehop, hut not always at tool- 
shops, as moat workmen make their own, because tliey 
are required of all sorts of odd sizes, and there is no 
standard size recognised, as there is of other drills. 

I Not having any, and, in fact, never having seen one, we 
did our work as stated, and made a satisfactory job 
of it. 
lu making this engine and many other things, we had 
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occasion for a number of six-aided nuts, not that square 
oiiea were not a deal easier to make, but the hexagonal 
form was vastly to be preferred, aa more correct in 
design theoretically as well as practically. In the days 
wliidi I am speaking, bolts and nuts could not, I 
fancy, be jturcbased reatiy-made of all sizes, as tliey 
can now, and we had to make our own, with a screw- 
plate to cut the tbreads. Now a six-sided nut is a 
difBcult customer to deal with, and needs very careful 
filing to get it true and even. We accomplished it 
thus : — We cut a notch iu a bit of tin with an angle of 
I3S°, which we got at first by dividing a circle into six 
equal parts, and connecting the points of division by 
straight lines, flo as to represent a six-sided nutj cutting 
out this, we used one of its angles as a gauge, by which 
to cut the notch in our slip of tin. We then took a bar 
of iron long enough to make six nuts, and we filed it up 
to six sides by help of our gauge. We then sawed it off 
with a hack-saw into six equal pieces, each of which we 
afterwards drilled, drove on a taper mandrel, and turned 
at each end, rounding off neatly the one which was to 
stand uppermost. When cut off, and while still upon 
the mandrel, we touched up each nut with a smooth file 
to give it more perfect finish, and we thus made all our 
nuts precisely alike. We then placed them in a vice with 
lead clamps to prevent bruising them, and drilled them 
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half from one side and half from the other, runniag 
a broach throogh afterwards to equalise the holes ready | 
for the taps. The shanks of the bolts were turned by 
haod with a graver, and finished with a file, and they 
were cut from rods eufficiently large to allow of being 
filed up to six-sided heads; but we gave up this as en- , 
tailing nnneceasary labour, and generally turned the i 
heads also in the lathe and left them roand. Thus i 
made, however, they were liable to turn round and 
round in their places while the nuts were being screwed ( 
up ; we therefore cut a nick across the heads for a screw- \ 
driver, by which we could hold them until they got a 
bite upon the surface of the parts where they wen ' 
-placed, after this they could be tightened without 
turning. 

The handles ON were just the parts that, if well-made, 
add much to the appearance of au engine. We made ^ 
them therefore of round iron, centred and turned up at 
the handle end to a nice shape, and then filed down , 
neatly, the flat sides being rounded in a hollow sweep 
into the turned part at A, where the pin goes upon whieh 
it turns ; we al^o finished the top in the lathe, but the 
end R being forked to receive the end of the bar which 
ie attached to the link, we made it of a separate piece. 
This was turned on a taper mandrel first, to face up its 
two round sides, and then, having bored and tapped the 



other part by rhich it -was to be attached to its arm, 
we mounted it on a chock with a projecting centre-screw 
to fit it, and thua were enabled to turn up the neck 

as well. 

Wherever a fork of this kind occurs, if it is large 
enough to tarn, it is better made as a Beparate piece, 
tinleBs the arm npon which it occurs is a very short one. 
This arm, when the boss is mounted in the latbe, flies 
round and round with great rapidity, and endangers the 
knuckles, or even tlie face, especially if the turner is 
short-sighted, and obliged to look closely as his work 
proceeds. It is in making small models that these parts 
give most trouble, especially if the lathe is not one that 
runs lightly and easily. It maybe taken as a general 
rule that the lathe should be suited for the work, and 
that not only cannot heavy work be accomplished on 
a light lathe, but that light work cannot be done oa 
a heavy one, as may he easily proved by turning a set of 
Btnds in a sis-inch lathe, such as is usually fitted with 
back-gear for metal work. It will be found altogether 
too alnggish and heavy, with too much impetus when 
once speed is got up, and too little at starting afresh 
after stopping to inspect what has been already done. 
Having experimented upon shirt-studs with just ench 
a lathe, I speak from ex]ierience; at the same time it is 
absolute bullying to turn heavy work aad to use heavy 
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chacks upon a really light lathe fit for ornamental turning. 
I do not say that it cannot be done, far I have seen the 
naves of farm cart-wheels turned upon a three-inch ceutre- 
latlie, propped up to six inches with a block of wood 
permanently fixed under the poppit. It took in the work 
in thiij way, but it is easy to understand the strain upon a 
mandrel and collar designed only to carry work of the 
very lightest description. No doubt it has long ago been 
worn out and descended to the scrap heap. 

The discs of the eccentrics do not in the drawing Bhow 
the mode in which they were turned. They were, in fact, 
bored first through the real centres, and turned and 
faced up on a mandrel. This hole was of no importance, 
aa it did not interfere with that for the axle, and it 
was consequently left, and not plugi^ed up or concealed. 
A groove was turned in the edge of each disc to receive 
the pin or pins \ for there were two spoken of before, 
and shown at opposite sides. They had no beads, and 
vere sunk to the level of the brass hoops, bo as not to pro- 
ject. They did not, of course, show at all, but are drawn 
as if the disc was a section, the dotted line being supposed 
to be the bottom of the groove. The eccentric hoops in 
this case had no lugs, and were cast and made in one 
piece, which was mounted in a boxwood chuck, that had 
a place cut out to receive the projecting part C, and 
carefully bored and faced on each aide ; and while the 
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latter work was being done, a line was traced with a 
point tool ae a guide for subsequently filing to a Irne 
circle concentric with the inside tlie outer edge of the 
hoop, which could not be turned on account of the pro- 
jection C, unless, indeed, the lathe were fitted with a 
segment stop by which the rotation of the n^andrel could 
he arrested at any point This, however, was a complica- 
tion which our lathe did not possess, and we filed the 
brass np to the lines traced on each side, and then 
rounded ofi^ the angles to give it a nice finish. 

The link LL was made of a plate of iron a quarter of 
an inch thick, filed down to three-sixteenths. We first 
cut out this link od puper, and gumming it to the 
iron, marked it all round with a finely-pointed centre- 
panch. We marked it on a piece not much broader than 
needed, and before shapiDg it on the outride we drilled 
holes all along the slot, which we threw into one by a 
rat-tail file, and then finished by carefully filing all 
over. It was a somewhat tedious job, and required care 
to get the faces true and square to each other, but we 
accomplished it at last by not hurrying over it, and we 
got the angles all sharp, and the surfaces flat; and when 
finished and in place upon the engine, it looked exceed- 
ingly workmanlike. We also managed to fit the joints 
of this link motion and its levers, so that they worked 
nicely without being too slack and shaking about, as they 
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often do in model engines. All thia required care and 
patience, but in our varions attempts at mecbanical 
niDnipulation, we had acquired a fair degree of both, and 
were seldom guilty of hurrying our work, and thereby 
spoiling it. 

The semicircular notched plates were cut in & similar 
manner out of a bit of lock-plate, but for these, of which 
a pair were made, we took advantage of the lathe. We 
clamped upon the face-plate, on a bit of board placed to 
allow tlie tool to cut quite through without coming in con- 
tact with the face-plate, the bit of iron plate, and with a 
tool fixed in the slide-rest cut out its centre so as to leave 
a ring, of which, however, the outside was of course 
square. We then cut out this again, at a width sufficing 
for tbe pieces we required, so that we produced now a 
circular ring of flat metal, which fell off as soon as it was 
completed. We then marked the diameter and sawed it 
into halves, which we fixed together in a rice, and drilled 
for a pair of studs at each end, which were turned with 
shoulders, and riveted into the plates at each end, to 
keep them a giveu distance apart. Before tbe rivets, how- 
ever, were ])ut, and while still clamped together in the 
vice, we filed the notches so that they should exactly 
tally with each other. I had almost forgotten, however, 
one important part of the proceeding, viz., heating the 
ends and screwing them in a vice, in order to bead up a 
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little bit to receive a hole for a screw, bj which the pnir 
when fiuished were attached to the bed-plate in which 
they rested. This bed-plate was fixed to the boiler, which 
was a vertical one, Id the mauner we shall by and by 
(leBcrihe. This boiler, however, we decided not to attempt 
ourselves, because we wanted to put a good amount of pres- 
sure upon itj and did not feel certain of our capabilities 
in regard to riveting and fitting it. It was, however, 
made to onr own plan, and got np steam and kept up the 
supply very well indeed. 

The boiler, as will be seen from fig. 21, was cylindrical, 
but stood upon a sqnare base in which was the fire-grate. 
This consisted of .i grating which sloped slightly upwards 
from the furDace door. The latter was on the side oppo- 
site to the cylinder and flj'-wheel, so as to keep the dust 
and dirt from the working parts as much as possible. A 
circular flue from the hack or nearly the back of the 
grate went entirely through the boiler verticnlly, forming 
a chimney at the top, and into this the exhaust steam 
was carried by the pipe P, which tnrned upwards in the 
funnel. The other pipe just below it brought the steam 
from the boiler into the steam-chest of the slide-valve, 
which being at the back, is concealed from view by the 
cylinder. 

M is a tap for drawing off the water of the boiler, and 
was of large size to enable it also to carry off any sedi- 
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ment which, Bettling at the bottom, woald prevent the heat 
of the furnace from exercising its full power upon the 
water. ABC are gange taps for the purpose of testing the 
height of the wnter, and D is the glass water-gauge for 
tlie name purpose. We made the gauge, hut not the taps, 
which were easily procurahle from the gasfitter^. S is 
the 8afet)--val7e with its lever and weight. The latt«r, 
hung on the outer notch, registered a pressure of fifty 
pounds to the Bquare inch, we seldom worked at a higher 
pressure than twenty-five pounds, but the boiler was 
tested and considered safe at eighty pounds. Tlie cylin- 
dricai part was of copper, the lower part of irou plate, the 
two fastened together with a circular row of rivets, a layer of 
red-lead being interposed. To stiffen the whole there were 
two wrouglit-iron rings turned up bright, and partly on 
these, and portly on a pair of short pillars, rested the bed- 
plate HHjto which thecylinderandother parts of the engine 
were bolted. The bearings of the cr:iuh-Bliaft,however, were 
(in ihe top plate of the iron base, tlie fly-wheel being outside. 
The row of ornamental holes on the lower part were 
merely to admit more air to the fuel, which was charcoal 
with small bits of coke mixed with it. The reversing 
gear is piirtly visible, and needs no further explanation 
than what lias been already given. G is the outside of 
one of a pair of guides of cast iron, the inner sides and 
edges of which were filed up very truly to receive the 
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I gun-metal block attached to tlie end of the piatou-rod, 
to oinse it to move in a perfectly straight line. Thesa 
were supported by pillars, KK, screwed into them and 
fixed to the bed-plate. The fly-wheel wus of cast iron. 
Tills we cuald not ourselves turn, as it would not go into 
our latlie, but a friend faced up the rim on all sides, and 
also the bosa or nave in the centre, which gave it a nice 
finish. The rest was painted over with dark green and 
varnished, as were also all parts in which the castings 
remained in the rough state. This engine gave us fully 
one quarter-horse power, and I think would have given 
more if the grate and its fuel had been better arranged. 

In a previous page, speaking of the method we adopted 
to face up our slide-valve, I remarked that it was not the 
right method of doing it. Before concluding the present 
chapter, therefore, I will say a few words upon thia 
subject, which in practical mechanics is of such extreme 

^B importance, 

^^ There is hardly a machine in use which has not one or 
more flat snrfacea, upon the absolute truth of which its 
action more or less depends. The face of a slide-valve 
and of its seat is but a case in point. 

H Before my young readers or their parents were bora, 
the only plan which was available was to use a cbipping- 
chisel, and to follow it up with the file, first with very 
large and coarse ones, and then with lighter and finer, 
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nntil something approaching a level Bnrfaoe was obtained. 
Then, if greater accuracy were needed, and eBpecially if 
two level snrfacea were intended to wovli together, they 
were coated with emery and oil, and rubhed to and fro, 
until both surfaces had attained such perfection as t.liis 
method was calculated to produce. 

This in time mnde by no means a very bad surface, and 
for years was considered amply sufficient to meet all 
circumstances. It had, nevertheless, certain drawbacks. 
In the first place, the emery got imbedded in the face of 
the work, and the surfaces continued to grind and abrade 
each other long after they were supposed to have become 
qaite clean. Then, again, as metal is seldom equally 
hard at all points, the emery ground the soft spots more 
than the hard ones, and consequently the surfaces were 
very rarely as perfect aa they were supposed to be, 
although for want of better means they were of necessity 
need in that imperfect state. At last came to the fore 
one of our greatest living mechanics, now known i[i all 
lands as Sir Joseph Whitworth. I wish I could tell you, 
boys, about his life, but I have not mnch doubt that, like 
all our greatest and best men, he had to fight his own 
way, and gained his present proud position by dint of 
downright (and upright) hard work. For men are only 
born mechanics in one sense, and that a limited one — 
they are born with mechanical tastes and predilections. 
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We can't tell how it is, but Providence has given to 
nearly every one a liking for some one study or pursuit 
beyond all Others, aud if those likings are duly cultivated 
by study aud diligent practice, they will profit not only 
the [lossesaor, but the world at large. 

Now, the mistake which many of oar mechanical hoys 
make is this : They thiuk mechaoicB so natural to them 
that bard work, especially hard reading, ia unnecessary. 
The consequence is, they remain always at the same level, 
they just muddle along, playing at mechauical work, but 
they never do any good with it. 

To make the necessity of study more clear, let us 
suppose one of our young friends desirea to make an 
engine or a machine to do ■-ertain i^ork. ft ia nut 
enough that he has devised in hia own brain a certain 
vague plan, but he must reduce this first to a very 
accurate working drawing, j,e., a drawing in which every 
detail is clearly set out to a certain definite scale, so that 
if the piirta of the machine are made by that drawing, 
they will fit into their proper places, aud work as they 
are iutended to do. Now, the first question is as to size 
and then prnportion. The different levers must be large 
enough in order that they may have the requisite 
strength, but they must not be too large, so as to waste 
material and add unnecessarily to the weight aud to the 
cost. To determine this point alone, much theoretical 
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knowledge is necessary. The streugth of bars of iron of 
a given size and shape must be known, both in regard to 
their ability to stand a strain tending to bend them, and 
also ill many cases tending to twist them or to crush 
them. Tiie question may arise whether a bar should be 
of a square, or oblong, or circular, or elliptical section ; 
whether steeJ, or iron, or brans is preferable; whether it 
should be of cast or wrought metal; and without technical 
knowledge of the nature of these materials, the question 
must be decided by rule of thumb. What is the result? 
Perhaps yon complete a four-horse engine, and the con- 
necting-rod is only strong enough for one-horse power ; 
or the expansion and contiactioti of the metal under 
different temperatures having been lost sight of, rivets 
loosen and plates crack ; or the moyiug parts are so 
nnduly lieavy that half the power which ought to have 
been useful is expended in giving them motion. 

An engineer must hare a whole lot of this sort of 
information at his finger-ends, besides the more ordinary 
elementary knowledge of the laws which govern nature. 
He must not only be able to do certain work in a certain 
way, but to know why that way is preferable to any 
other ; and he mast have an immense deal of general 
knowledge which I cannot now stay to detail. 

Then comes manual practice, the handiwork part of 
the question ; and I know of no detail of mechanical work 
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which will more entirely prove the necessity of such 
practice than that now under coDsideration — the produc- 
tion of a level surface. Looking at a skilled mechanic 
using a file, any one would imagine that a very short 
apprenticeship would teach him to do the same. I can 
only say, Let him try it; and in five minntes his self- 
assertion will have taken flight, and he will have been 
taught an imjiortant lesson about his own ignorance that 
will do him a great deal of good. 

To file a level surface is, in fact, a test of skill of so 
high a class that not many will do more than barely pass 
muster in respect of it. The first necessity is, to have 
tools of aecuracy to test the work as it proceeds ; the next, 
to Lave properly selected files; the third, to have a good 
scraper, sharp and well hardened, to follow the smooth 
file. 

Of tools of accnracy required, the first is a steel straight- 
• edge, perfectly true and reliable ; the second, a surface- 
plate, large enough to allow the work to be tested to lie 
wholly upon it ; the third, a set-square ; the fourth, a scrib- 
ing-l»lock. With these you are fitted up for real work. 

The straight-edge is merely a steel rule, the sides of 
which are truly parallel to each other. SometimeSj as 
in those now imported from America, they are graduated 
in inches, with subdivisions, ranging, if required, to sixty- 
four in the inch ; sometimes they are without these. The 
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graduated straight-edges are about one-eightb of an iuch 
wide, and niiiy be hai from oue iuch to two or three feet 
in length. Workmen, however, usually make their own 
of steel less than half this thickness. There are also 
Btraight-eilges much broader — say one inch wide, with a 
rib on the liacli: to stiffen them. These are of cast iron, 
and beautifully got up on the face, hut are not nearly so 
common as the first named, except in the large sizes. 
The surface-] il lite is au extended or very broad straight- 
edge. They are of all sizes, from six inches square mi- 
wards. Tliey are of cast iron, ribbed on the back \h kpep 
them [lerfectly stiff, aud with two handles, and feet to 
rest them on (at the back), because, being tools of perfect 
accuracjf, all possible care must be taken to make chem 
BO stiff and strong as not to yield in the least in whatever 
position placed; aud this is practically a great deal more 
difficult than the tyro would suppose. 

The set-square is of steel, and is simply a very accurate 
one cut out of sheet steel, or it is made witb abroad back, 
so as to stand upon the surface-plate without being held, 
which is often very convenient. Sometimes, however, 
this tool, instead of being of the usual form, is esteuded 
in width on both faces until it becomes like a sheet of 
note-paper opened to a tight angle, or a long strip of card 
folded lengthwise to a right angle, and filled up in the 
angle by cast ribs, both surfaces thus forming accurate 
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etirface-pUtes. These &re, of coaree, more costly than the 
onlinury steel square, and the tyro need not buy oue; but 
they are very useful in machine manipulation. These wb 
will illustrate presently, as the next will perhaps hardly 
be undtirstood without a sketch. 

This is the acribing-block or surface-gauge always 
used in connection with the surface-plate, and represented 
at F of this plate. To return, however, to the straight- 
edges : A represents the simple form, B the ribbed and 
broader kind, of which the face used for testing is here 
shown upwards. There ia, in the longer ones, a flat piece 
or foot at the angle where the inclined ribs meet on pur- 
pose to stand the tool upon when not in u^e. C is a 
square made so as to stand by itself, and D a plate-square 
for testing broader surfaces. This may be of any sj^e, 
and is often maile much longer iu proportion to 'its \nJth 
than represented here, £ is a surface-plate turned upside 
down upon its face to show the ribs by which it is stiffened 
at the back, and the handles by which it is lifted. Its 
three feet are also shown. 

The face of this is worked so true and so absolutely 
level, that if one is stood feet-down upon the bench, and 
another lowered upon it, the top one seems to flout upon 
a thin Aim of air shut in between them, and can be spun 
about in all directions with a touch ; but if the upper one is 
slid on from oue edge, instead of being lowered down direct 
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from above, it will pick up the bottom one if it Is lifted, 

as they are pressed together by the weight of the atmos- 
phere, there being uo air between them to counterbalance 
that pressure. They are made exactly iu the way presently 
to be described, by which ail aurfacee are now got up at tlie 
best eugiueeriiig workshops. 

The scribiug-block F, also used with the surface-plate 
upon which it stands, is perfectly level underneath, and 
the slotted plate is at right angles to the base. This plate 
carries a short slide, which works up and down smoothly 
iu the slot, and through wiiich ia a screw, with a slit ur 
hole iu it to receive the bent needle or scriber ic, of hard 
Bteel. This can be raised, therefore, aod turned aboat at 
pleasure, and a turn of the milled-beaded nut fixes it at 
once in any position. The scriber can be changed for 
another, curved Jiffeiently, and this ia also ho held that 
it can be lengthened or shortened at pleasure in either 
dii'ection. There ia no more useful tool to the metal- 
worker, who, indeed, cannot possibly do accurate work 
without it. 

Let us consider the uses of theae several appliances. 

The first thing to do in working up a level surface is to 
Bee that it is not mnding. For this we require two straight- 
edges like A, wide enough to stand on edge by themselves. 
Laying them in this position, one at each end of the sur- 
face to be tested, we look at them from such a position 
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that the eye just catches the upper edges of both, ami if 
these agree, we know that at any rate in that direction 
there is no wind. We then try another position, and if 
iu any one we detect the error, we must file away the sur- 
face where too high, and get the whole as true as we can 
in respect of that error. Wo next proceed to face up one 
side, the one which we have corrected thna far. If there 
are any projections much above the level, or if it ia a 
casting, we commence by using a chisel, called a chippiug- 
chisel, with which we remove all the hard skin of the iron, 
and all the larger prominences. Then with a coarse file 
we remove the rough edges left by the chisel, and work 
all down to a tolerable level, and in this operation we test 
the .surface lu all au'ect'ons with the straight-edge, look- 
ing under it at the line of light, and noting where the 
metal needs lowering. Having done this so far as a coarse 
file will enable ns, we take a bastard or second-cut file 
and go over it again j and now, if we have one of the 
broader straight-edges like B, we rub its face with a little 
red ochre and oil to colour it, makiLg a very thin layer 
of it; and when we try the surface now, we shall redden 
all the high parts, and so more easily enable ourselves to 
distinguish the prominences which need the file. When the 
straight-edge will guide us no further, and the surface ia 
approaching a true level, we substitute the flurface-plate, 
which enables us to test at once a much greater area, using 
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the' red ochre and oil smeared over its face as before. If 
the olyect is small, the sar face-plate wilt be stood on the 
bench, and the work placed npon it; if large, the surface- 
plate will itself he lifted and turned over upon the work ; 
and in either case, hy a slight rubbing we mark all the high 
places. Kow, however, we have to discard the coarser and 
middle-cut files in favour of the fine ones, which are to 
be used until it is found that they no longer can he made 
to loculise their action sufficiently — i.e., that in using 
them we are in danger of filing too large a surface. The 
file is then laid aside, and the scraper used instead, or 
alternately with the file. G- is a scraper, made commonly 
of an old three-square file, ground to a point, so as to 
give three somewhat curved and very keen edges, which 
must he constantly renewed by rubbing on the oil-stone 
during the progress of the work. With this tool any 
given spot that is too high can be scraped off from any 
part of the anrface, and minute points attacked in the 
centre of a large surface which no file will reach. In 
use, tlie handle must he firmly grasped in the right hand, 
and the blade in the left, and the whole tool may need to 
be steadied by keeping the elbows close to the sides, and, 
as it were, hugging the tool. The work must be held in 
the vice, or, if this is not possible owing to the size 
or shape of it, it is to be laid on the bench, and held 
■ecnrely by nails tacked in around it. The high parts 
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liUHtiii, ht scraped hy square tonches, a few in one direc- 
tAm wad ft few croEsing them, as shown in the sketch, 
fto Sttrfitoe-plate must be applied again and again, and 
te frill redden more and more of the enrface, and this, 
f^MS broad, can again he filed, and then prohably a few 
■Mttts only will be reddened, and the EcrapiDg will have 
to tw renewed, and so on, patiently aud steadily attacking 
Ha higher parts nntil the whole surface is fuund on trial to 
Ia reddened uniformly, showing it to have been reduced 
lO It true level. 

I know of no work that tests tbe patience like this, 
ixr which, when done, will give a feeling of greater salis- 
fiiclion. 

If there are faces to be got up at right angles to this 
first, one of these must be taken in hand next ; and here 
not only has a level snrface to he produced, but the right 
kugle must be accurately kept. The work has to be laid, 
therefore, ou the eurface-plate with its finished face down- 
wards, and the sqaare C or D brought up from time to 
time against the face which is being worked ; and if D is 
used, it may be reddened on the vertical side, and will 
mark the part that is not truly square; aud here again 
the file and scraper must he patiently used until the 
gecoiid surface proves to he correct. Of course the time 
required will wholly depend upon tiie extent of surface 
and skill or the contrary of the workman ; bnt all this is 
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real urort, of which not one step can be shirked or even 
hurried over, and in which all has to be done in regular 
order- — first, one face as a starting-point; next, one of 
the sides at riglit argles to it; then the side next to 
this ; and lastly, if necessary, the fourth side, and also 
the ends. It is, therefore, all straight sailing aTter all, 
bnt by no means easy work ; and unlesB the scraper is 
well managed there will be scratches made, and the 
surface, instead of having the beautiful mottled appear- 
ance it ought to eshihit, will not be beautiful at all, but, 
though trne, it will be unsightly. When it cornea to facing 
up the last side, and in other cases to be described 
presently, the scribing-block is necessary. The block 
in the drawing is placed apon the surface-plate, and the 
Bcriher, which is merely curved so as to point downwards, 
is supposed to be feeling the thickness of the block at all 
parts as it is moved about on the surface-plate under its 
point. There are many cases in which this nse of the 
instrument is valuable. Either the scribing-block or 
the work may be so moved. At present we are supposed, 
however, to be about to face np the fourth side of a rec- 
tangular metal block. It is evidently necessary, in order 
to make this side truly parallel with the opposite one, to 
file and scrape off the upper surface to a certain depth all 
round measured from the face already finished. For thia 
purpose a acriber is put in with a point bent more nearly 
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at riglit angles, like that on the right-hand side, and while 
the work is held fast the block is slid along it to mark a 
line a shirt distance from the edge all ronnd the work 
which ia the guiJe-line for filing. The sides to be 
marked should be rubbed with chalk to make the liae 
niore visible, bat the scriber is of hard steel, and will 
scratch any metal softer than itself sufficiently to make 
the line show ; and when the surface ia levelled down to 
it, it must of course be accurately parnliel to that on the 
opposite side. The scriber is thus a gauge for thickness 
and for parallelism of opposite surfaces, bat it ia also a 
universal gauge for which engineers find a score of uses. 

Marking work ready for the file is called lining out, and 
in all work of accuracy has to be done with care before 
any but the preparatory processes of chipping and rough 
filing have been done. All the above are called tools of 
accuracy, and are never found, therefore, in the shops of 
the blacksmith, nor of many coautry workmen professing 
to keep repairing shops for engines and machinery. No 
lathe-maker, engine -builder, instrameot-raaker, or others 
who liave to work to accurate measure, could do anything 
without them, and their ase should always be learnt by 
the amateur. 
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Chapter X. 

OUR CARVING-MACHINE. 

SUPPOSE a boy's first carving-machine is the 
mucli -coveted and ili-used pocket-knife, which, 
if it ever did cut (which is very doubtful, for 
tbe steel of which it is made is of the worst 
possible quality), certainly became hopelssaly blunt after 
a weak's possession. As a carving tool, its capabilities 
are usually great upon bread and cheese and cake, some- 
what less upon lawful whittling of sticks, and terribly 
successful upon the edges and surfaces of school-desks, on 
which it ia invariably used to carve initinls and dates. 
Who does not remember the excitement caused by the 
acquisition of a new specimen of this bighly-prized tool, 
especially if fitted with a dozen implements or so, all as a 
rule useless for the various purposes which they are nomi- 
nally intended to serve? The eager eyes of tbe admiring 
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throng of email boys allowed to inspect but not to toncli 

-—the chorus of approval as each detail is successively 
opened to the view — the delicate passing of the thnmb 
along the edge of the blades, accompanied by an assur- 
ance of Boch feeenneas sa few rival knives can possibly 
possess ? Ah ! boys, we oldsters don't forget these sen- 
Bations of onr early years, and if we now smile at yours, 
it is not from lack of sympathy, for we should think yon 
very apathetic lads if yon did not evince these innocent 
excitements. But I fear experience is already dawning 
even upon some of yon. A few at, least of the elder among 
you have already begun to find out that one-half of the 
world gains a living by cheating the other half, and that 
pocket-knives are but insidious wares after all — the most 
pretentious being generally the worst. If there are two 
pocket-knives at five Khillings each, one with a pair of 
blades only, the other with tweezers and gun-pick, cork- 
screw and reamer, and possibly with other adjuncts, yon 
may be snre that the first is the best, and that the last is 
a humbug, worth nothing at all. As a rule, you will find 
that, in apparently getting the least for your money, yon 
get the most; and that if anything ia to be had very 
cheap, it will prove a very dear bargain in the end. 
Generally speaking, it may be taken as a rule that good 
finish is not put upon a very common article, and this ie 
perhaps specially true in the matter of knives. But you 
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mnst anderstard what Is mefitit hy gooA finish : it is not 
polisli, hnt good fittinn. Looking down the back, you 
will aee no diiyli^ht between the spring and the sides — 
no rough jihtces; the blades will open smoothly, wirhout 
difficulty, and when opea will not shake from side to side 
upon the rivets. There will La no sharp corners to tear 
your pockets or wound yonr hands, and the whole 
knife will have a finished and neat appearance, and it 
will probably be considered dear at the price demanded 
for it. 

In our pocket-knife-daya we had endeavoured in a 
small way to do a little carving, but witb very poor suc- 
cess. Afterwards an inspection of some carvings of oak 
that fell into our hands aroused in as an ambition to copy 
them with gouge, chisel, and mallet, and we found it on 
the whole more tedious than difficult, and, unless with 
figure subjects and elaborate floral designs, we succeeded 
in some other attempts of the kind. But we often talked 
together about the possibility of doing by machinery a 
great deal of the work then always done by hand, espe- 
cially when some simple design required to be reproduced 
in quantity, as was so frequently the case. We heard 
about that time of a copying muchine that had been made 
and used in London, bnt we knew nothing of its detailfi, 
and could not set off in our minds a satisfactory kind of 
apparatoB. We also wanted, if possible, to contrive a 
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TnachiDe Thich should rather enable ne to follow any 
design of our owd, and which wonld work quite inde- 
pendently of any pattern, which we understood was 
not the cane with Jordan's machine. Our difficnlty was 
that a gonge or chisel, workiog either directly np and 
down or horizontally, or at any given angle, would not 
under any circuraatancea serve the required purpose, and 
yet gouge and chisel seemed to be the tools chiefly used 
by profetisional carvers, although known by other names, 
according to the forms of their cutting edges, and the 
bent or straight form of their Bhanka, After numerous 
experiments in this direction, we found it necessary en- 
tirely to abandon this line of proceeding, and to devise a 
machine on a completely different principle; and we 
eventually hit upon revolving tDols of such varying shapes 
as were needed. Since that time an enormous amount of 
work, not only in wood, but in metal, has been done by 
revolving cutters and drills, and this method is exteuding 
daily; but in the days of which I am speaking the sys- 
tem was but just coming into notice, and was, moreover, 
not received in England with a great deal of favour, 
America in this, as in other mechanical innovations, fore- 
stalled UB, there being apparently in that country less 
tenacious adherence than with us to old-established 
methods of work. The chief agent we perceived would 
be the drill, because this coutd be easily made of any re- 
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qnired shape, and easily renewed if it shonld be broken ; 
and what we chiefly had to do was to devise means either 
for moving the work about in all directions under a fixed 
drill, or to mount the drill itself in some sort of swinging 
frame, which we could so move as to cause the drill to 
traverse freely over the work, and to rise and fall as de- 
sired. This may appear a very simple thing to contrive, 
but practically we found that it required a great deal of ! 
thought, and not a few experiments, to enable ns to carry 
the plan to a successful issue. 

I believe the first thing which gave us a hint in the 
right direction was the constantly-recurring use of the 
centre-bit, which not only serves to cut a hole througli 
a board, but, when desired, to scoop out a deep or shallow 
cavity only, and thia, if the tool is keen, it does with 
very great neatness, leaviug in tolerably close-grained 
woods a very good surface both at the bottom and side 
of such cavity, Cari'yiug out this a step further, we 
saw that it would be easy to bore out such cavities so 
as to intersect, or partially intersect, each other, wJiicU 
would give cavities of various external forms, of wliich 
the Gothic trefoil and quatrefoil were simple examples. 
These are represented in the following figures, A and B, 
while the others are all forms producible by a centre-bit 
alone without any aid from machinery, it being only 
necessary to know jast the various positions for the 
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point of the centre-bit, and the proper diametrical sizes 
of the latter respectively. 

lu fig. 23 is shown the kind of work a eentre-hit will 
do, aud this plate contains but a few simple designs of 
many thai can be marked out by our mathematical 
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Fig. 13. 

yoniigaters, A is a pentagon in a circle, which is the 
foundiitinn of the five-looped figure called by architects a 
cinquefoil or five-leaved design. The iines radiating 
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from tlie centre of the maiu circle to the angles are those I 
on which lie the centres of the five circles which cut I 
each other to form the figure, and their ceutrea are on | 
puitits on the circumference of the inner circle in which ' 
it is cut by the radiatiuy lines. All this can he cut out J 
by the same centre-bit, the inner darker circle beinyJ 
iigain cut out to a lower level. The outer small circles, 1 
the centres of which are also on the radiating lines, 
need of course a smaller centre-bit. 

When this has been thus cut out, a five-looped recess I 
will have been obtained, and, if desired, it might easily ' 
be inlaid with ivory if a dark wood is used, or with 
ehuuy if a light wood, as satin-wood or maple, haa been 
chosen, aud no one would guess it to have been carved ! 
by BO simple aud rapid a process. Aa a stand, for 
instance, fur any amul! vase, or merely as a Lray for 
rings, it might be made very elegant aud useful, but in 
this case, the outer circle, or outside of the block, would 
be turned in the lathe, then the pentagon marked, and 
also the circles to be cut out. Next, the part between 
the hexagon and outer circle should be cut away a little, 
so that the hexagon may stand up above the level of the 
outer part, and lastly the recesses cut, which may need, 
perhaps, to be bevelled off at their upper edges with a 
very sharp chisel (used bevel downwards.) A simpler 
finish than ivory would be to line the whole reoeai 
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neatly with red velvet To make it into a first-claea 
affair, u thin plate of ivory covering the btixagon, aud 
cut to matcli ihe pattern, might be glued all over the 
t<>p, ill which ca:<e tLie wood shonld be black ebony oi 
some very dark wood. 

The next design to be treated in a similar manner 
represents a hexagon on a circle, with a trefoil inside for 
the recessed design, which, as the circles iiere left show, 
can also be cut out with one size of centre-bit. The 
generating lines of the centre points are left to show from 
what points the circles are struck. The other trefoil de- 
sign, marked D, is in some respi^cts better, hut has not 
the hexagon outside it. This \& the true Gothic trefoil, 
which is struck from the three points of au equilateral 
triangle, the radius of each circle being equal to iiaif of 
the. side of such triangle. The double lines, couplud wiih 
the shading, show the effect produced by bevelling off the 
recess, the width between the concentric circles (left 
white) showing the width of the bevel thus mude. The 
triangle, left to show the mode of sketcliing the design, 
would, of course, be cut wholly away by the centre-bit. 
The outside double circle might here reprc-seut a neutly 
rounded beading cut in the lathe round the edge, or 
merely a bevelled edge (bevelled oiitwurds). 

Lastly, we have in a quatrefoil, of which the centres 
Kre the angles of the included sq^uare, the radius equalling 
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half aoy one eide of encb Eqnare. This worked with & 

large centre-bit would serve, perhaps, as a stand for four 
little glasses to coutaiu violets, or on a still larger scale, 
as a stand for four egg-cups. Now, all these are usually 
done \\i the lathe, cut out and worked by special apparatus, 
of which the eccentric cuLter stands pre-eminent; but, 
writing for boys, my desire is to show by what simple 
means eveu designs of a complicated nature can be 
made if skill and ingenuity are exercised in their pro- 
duction. The lathe apparatus will, beyond a doubt, make 
cleaner imd more finished work, but it ia not only expeu- 
sive, but also delicate, and it needs more careful usage 
than boys ai'e wont to give, whereas this is cheaply and 
easily to be done by any lad who knows how to sharpen 
his tools and use them. 

The centre-bit will do almost any recessed work of which 
the outline is formed by the intersection of circles, and in 
which the sides of such recesses are vertical. The draw- 
back to its use is the point which, on the other baud, is so 
necessary to assist the workman in placing his circles cor- 
lectly that it cannot easily be omitted. The point, how- 
ever, of an ordinary centre-bit, when required for such 
work, maybe shortened so as oulyjust to hold the cutters 
in position. After the whole has been, however, roughed 
oat, a cutter of similar form, without auy point, will serve 
to finish the bottom of the recess, and will obliterate the 
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holes made in the centre of each circle, and level the whole 
of the recess uniformlj'. 

I Km uow wridug to a great extent iti advance of oar 
actual work, and shall continue to do so, as it seems a 
[iltj to stop ehort of the developments of our primitive 
meaug for carviug and ornameutiog work by means o£ 
revolving catiers and drills. Our first machiue was siaiilar 
to the drilling apparatus that has been elsewhere desiribed 
(fig. 22 M,)) and was fixed upon the lathe-bed and driven 
by a cord from the fly-wheel in the usual way. The 
Bpindle passed through two collars, and pressure was 
obtained by hand, or by banging a weight on the lever, 
Eo as to leave both bands at liberty to mauage the work. 
It was made entirely of wood, the holes in the projecting 
Eirm being bushed with brass. A good deal of lubrication 
was required to prevent wear, owing to the rate at which 
the drill revolved ; for we soon found that the faster we 
could drive it, the better was the work piodnced. When 
st full speed, with a flat ended aud a keen drill, we could 
holli'W out a box in pretty hard wood in a few minutes, 
moving the work about in all directions as rapidly as 
possible, 80 as to cut all parts at once to about the >ame 
level, and even square and oblong boxes could thus be 
cut nut of the solid, only needing a little work with a 
eharp cliisel to clean out the cornets, which a revolving 
cutter could not, of course, reach. The practical fault 
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of our drilling machine was that the platform was too 
confined. There was only sptice between the drill and the 
pedestal, or bracket which supported it, for a very small 
object. We had, lioweTer, proved satisfactorily to our- 
selves that a drill could be used for work of this kind; 
all that remained was to modify the apparatus, and vary 
the shapes of the drills, to reuder the whole more gene- 
rally efficacious. There was no occasion to provide for 
a great extent of vertical movement, and with a deeply 
grooved pulley on the drill-spindle, we could depress it 
six inches without the cord slipping off, especially when 
the horizontal part of it, between tlje driving-pulley aud 
the guide, which turned the cord downwards, was of 
ample length. 

The next point of consideration was the limit to the 
position of the drill-spiadle, which had of necessity thua 
far only a vertical movement in iU bearings, bo that no 
undercutting of the work was possible. 

To show the steps by which we advanced, I have given 
a second drawing at N, by which it will be seen that we 
pivoted the part which carried the bearings and the drill, 
80 as to be able to place it at an angle in respect of the 
work, and keeping the latter still upon a horizontal table, 
we were thus enabled to undercut it at pleasure, and to 
get under the parts which we desired should stand up 
dear of the general surface. 
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The next step was a very impurtiiDt one, an'l g^ave na 
eeveral advantages. It is represented at OP. Here, it 
will be observed, the bracket which carriea the drill is 
pivoted on a horizciutal arm which is slotted, and a bolt 
goea through the slot into the top of the pillar, which 
is the main standard of the machine. This gives a 
radial motion round the pillar, and the drill will 
describe the arc of a circle, the centre of which is the 
bolt, and the arm O can by means of the slot be 
shortened when desired, so as to bring the drill-spiudle 
in close proximity to the pillur P, or extended wheu the 
work is of larger area. The latter now has, it will be 
Been, plenty of room, instead of being coufiued to a small 
space as in the first drawing. This radial movement 
was itself also an accurate guide for drilling round a 
circle, and was frequently convenient merely for drill- 
ing a circle of holes in a plate, as well as for the special 
purposes of ornamental carviug, for which it was devised. 

It will, upon consideration, be evident that a mere 
slotted bar will not necessarily move steadily round a 
ceutral bolt, bat would be apt to slip along it leugth- 
wise. In the slot, therefore, is shown, just abovi.', a slid- 
ing piece of bra>B, which, strictly spi.nking, ought to be 
chamfered or cut on each aide with a V-shaped groove, 
and the groove or slot in the arm ought to have been so 
Bhnjied as to fit into this. Of course we bad no means 
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to do this, DOr do I think we knew mnch about such sJ 
plan, but vre managed something that answered ahnoBtl 
as well We got a piece of solid brass, which we squared .1 




up, and drilled in the centre for the main bolt to hold it 
on the top of the pillar, and which is represented here by 
R, and we then prepared a top and bottom plate, S and 
T, to be attached to the block when the latter was in 
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place in the slotted arm, Tlie lower plate was coosidered 
a fixture when in place, but the other was fixed hy two 
screws instead of fonr. The block was a shade less 
thick thau the depth or thickness of the arm, so that 
when this top plate was screwed tightlj down, it fixed the 
slide securely in any desired part of the slot, but when it 
was necessary to slide the arm backwards or forwards, 
tiie slight loosening of the two screws, which were at 
opposite angles, sufficed to free it. We put two pinfl 
in the other two corners of this plate to save having to 
manipulate four screws, and the pins were quite sufficient 
to assist in retaining the plate in its place. 

By the time we had made these alterations and 
additions, it became evident to us that we must not 
depend ou the lathe as the foundation of our carving 
Diachiue, which, thus modified, was of too large a size to 
he easily mounted on the lathe-bed. We therefore set 
\o work at a stand, and made our carving apparatus an 
independent machine altogether, with its own fly-wheel 
Bnd treadle. We pressed it into service, however, for 
ordinary drilling purposes, and very handy indeed we 
found it. 

With a perfectly flat, or a plain, round ended drill at 
a high speed, we could face over a block of boxwood, and 
give it a perfectly level surface, simply moving it about 
by hand all over the platform on which it rested ; for 
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tliia, however, it was neceBsary to lower the drill to 
a certain detertnined distance, which was doue by the 
Biiuple means now to be described, and was another 
invention of which necessity was the parent, 

The upper part of the drill-spindle above the top brasa 
was cut with a rather fine screw thread, and njiou this 
was a nut rounded off somewhat below and case- 
hardened, and upon the bearing rested a steel collar or 
washer, also hardened, which was added to protect the 
brass from wear when the nut rested on it, because it 
would still be rapidly revolving, and would soon have 
ground its way into the brass. The spring E, coiled 
loosely about the spindle, and abutting on the lower 
brass, held up the drill when it was not pressed down by 
the lever handle. The nut V was the stop, which could, 
of course, be easily placed in any position on the spindle, 
which could no longer descend when it came into contact 
with the opposing st^el washer. This contrivance proved 
very convenient in drilling ordinary holes to a certain 
depth. 

When the drill-spindle was thrown into an inclined 
positiou for undercutting, the pressure of the lever was 
of course partially removed from the top of it, so that it 
ceafted to act with the same force; bat this was easily 
remedied by hooking on to the end of it a band of India- 
mbber, or an ordinary coiled spring, sach as is used by 



bell-haogera, and of which it was easy to regalate the 
teosinn. 

Nob. I to lO of this fignre ehnw the drills we mtide to 
nse with this machine. Nob. i, 2, 3, are nndercutting, niid 
with them this work could be done without turning the 
spindle out of its vertical position. No, 4 is also an 
undercutter, but leaves the bottom flat, and makes a 
rectangular groove below the surface similar to that 
formed by a grooving-plane ; but in combiiialion with the 
circular movement of tlie whole drilling-frame upon the 
iijirigiit pillar, it will cut such groove all round the inside 
of circular work. No. 5 is a simple round-ended drill, 
useful for ronghing down broad surfaces to be afterwards 
levelled by a flat-eoded drill, or for making semicircular 
grooves and hollows. No. 6 is the ordinary centre-bit, of 
which several sizes are needed ; and No. 7 is a similar tool 
without the centre-point, and is intended to finish work be- 
gun by the ordinary bit. No. 8 is for simple holes or to drill 
angular grooves ; and No. 10, of which there mast be two 
or three sizes, is a narrow tool, sharp on its extreme edge and 
on the sides, and very slightly wider at the end tlian it is a 
little above. Its use is to drill ont long narrow grooves, 
for permitting strips of wood of any desired colour to be 
inlaid, technically called '* stringing." It is evident, that 
even for such simple work as has been just described, a drill- 
ing instriunent like the above is a valuable addition to the 
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workshop. luliiying, especially, is a ready means of 
ornamenting, at slight cost, the woods which have no 
special heautj' of their own, and modern taste has renewed 
the old device of running narrow strings or lines of the 
parli-cnloured ornamental woods round the panels of 
furnitare made of plain white pine, giving the articles an 
elegant and highly-finished ajipearance, without any con- 
siderahle addition to the cost of the plainer material. 
The drill marked 9 allows of no longitudinal traverse, and 
will not form a continuous heading, as by its rotation it 
would constantly destroy its own work. It is u^ied for 
futmiiig a succession of rounded prominences or beads, 
tije drill being lifted after each has been formed, and 
lowered again upon the adjacent part of the material. 
A continuous heading can only be cut by a revolving 
cutter like No. g split into two halves lengthwise, and 
tliis lias to be carried up one side and down the other, 
so as to cause the two cuts to meet exactly on the centre 
of tlie ridge thns formed. There is not much need to 
use Buch a tool, however, because a straight beading is 
more easily made by iin ordinary beading-plane, such w^ 
narpenters are in the habit of asing, and circular-headings 
can be cut readily in the lathe with a tool like No. 9 
held quite still upon the rest. 

As I have had to sptak of string-courses of inlaying, 
concerning which, I daresay, many of my readers have 
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wondered how both strip and groove are cat so neatlj, I 

will here let them into the secret. The groove is made 
by a tool exactly like the ordinary marking-gauge of the 
carpenter, but instead of a mere point capable of scratch iog 
a Hoe, it lias a keen-edged cutter projecting from the 
stock, which can be made to stand out farther and farther 
as the groove gets deeper. By this simple tool a groove 
is cut which is everywhere exactly parallel to the edge of 
the frame or panel, or part to he inlaid. The narrow strip 
of veneer is cut with a similar tool, but in this is a mere 
knife-edge instead of a chisel. lu soft wood a similar knife- 
edged gauge is just run round the work, in order to make a 
clear cut through the fibres whlcli stand across the path of 
the intended groove. Without such preparation for the 
chisel-ended cutter, the latter would not cut with sufficient 
neatness, however skilfully used, but when it had to pass 
across the grain of the wood, it would tear up the £hrea 
and completely spoil the surface. Anyone can make such 
cutting-gauges, and they are useful for other purposes as 
well as stringing and inlaying. 

Now it was by no means onr intention to limit oar 
machine to such work as that, described. We wanted it to 
assist in absolute carving of any form or object, in addition 
to mere recessing and drilling. For this purpose, the 
chief requisite npiieiiied to be the power to move the work 
itself, or the drill, or both, to a much greater extent thaa 
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coald be done as it then stood. AoalyeiDg & drawing of 
foliage, for instance, it was eyident that it consisted of 
straight Hues and curves, but the latter in far the larger 
proportion. Taking as a Bample a vine-leaf, it would, if 
blocked out, be rejiredeuted like fig. 25, where 1 




have supposed it required to cut snch a leaf on the sur- 
face of a wooden block, bo that it shall stand np in bold 
relief. The lines ABCDE, drawn round it and en- 
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closing it, sliow tliat all outside these may be freely out 
uway without any fear of iujury to the proposed carving, 
A carver would, iu fact, block out his work thus with 
chi,-el iind mallet, and so would an engraver. A rouud 
01- flut-euded drill might be therefore made to perform 
this duty very easily, the block being moved about by 
hand on a fixed platform, and in this way the outer por- 
tion would veiy quickly be sunk to a sufficient depth below 
the geueral level. Still moving the block by hand, the 
next Btep wimld he to drill out the spaces iuside the first 
lines, and to map out the leaf more nearly to sha[ie. 
This would be doue with a smaller drill, probably No. lo 
of those shown, which, if keen and working with great 
speed, would make a well-defined cut, and edge rouud the 
leaf very neatly. Then wonld follow an under-cutting 
drill to take off the j>erpendicu!ur smfiice now exisiing 
round the leaf, and level it off below, so that it would 
stand up more in relief from the block out of which it 
was cut. For al! these operations the work would be 
kept upon the horizoJital platform. If still greater relief 
were ueeded, or auy part required to be cut cleau away 
from the block, as, for instance, part of the stem or a 
tendril, or even a portion of the leaf, so as to admit light 
below it, the block might be turned upon edge and a 
proper sized and shaped drill passed through under the 
leaf or stem. But up to this time we have considered 



I 
I 
I 




CARVING. 287 



the drill as only catting a level anrface wherever it was 
in action, because it wnuld be pressed down upon the 
work by the weighty lever or sjiring, until checked in its ' 
descent by the nut, the position of which, as already 
explained, decides its downward traverse. 

In cutting, however, the upper surface of a leaf, it ia 
necessary to be able to deepen at pleasure the cut of the 
drill so ns to cause it to carve out correctly the various 
depressions, while it must be also able to pass lightly 
and almost without cutting the higher portions of the 
object. In Jordan's carving machine, and still more 
recently in the Medallion machine, the descent of the 
cutting tool is regulated by a pattern, npon the surfnoe of 
which a dummy or blunt drill rests, and as this rests 
or rises and falls it cau^^es the tool at work upon the 
adjacent hloch to follow its m()vements exactly, and the 
pattern is thus copied with the utmost fidelity. 

But ours WHS not to be a copying machine if we could 
possibly help it, and consequently no pattern was to be 
used to guide the path of the drills. We found it 
necessary to discard the weight or spring altogether, and 
to depress the lever by hand. This left us but one Imnd 
at liberty to move the block about, but with a light one 
(and we did not attempt heavy work) we did not find 
this create much di£Bculty, and we could cut deeply at 
pleasure ; and by easing off the pressure to suit the 
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prominences, we Boon fotmd it possible, with merely 
rouud-ended drill, to pass over the surface and foUiMlj 
all the sinuosities of a leaf with very great ease ao^ 
correctness, and we amused ourselves very extensively an(| 
became very expert at this novel occupation. i 

Beginning with the simpler leaves, we advanced ttt 
groups of eomplicated foliage. Very frequently we coiiU| 
not wholly work these with drills, and hud to call in th^j 
aid of one or two carving tools to help ue, but as far aft 
possible we made the drills do the work. We fouudj 
moreover, that, as a general rule, a round-ended drill 
would accomplish nearly all tbe details, owing to tli4| 
fact of there being so few right lines or level surfaces ioj 
nature, all objects exhibiting more or less curvature o| 
ontUne and of sorface. \ 

Since our day fretwork has become a faehion with thn 
amateur world, Iwdies inclnded, but alone there \a a samoiij 
ness about it which soon makes it uninteresting. In fac^. 
it is already not nearly so general as it was a few yearq 
ago, for people soon tire of mere tracery of perforate^ 
patterns, unless tbey are obliged to do such work to pro^ 
vide food and clothing, when it no longer becomes aw 
amateur pursuit. To make such work worthy of thet 
labour spent upon it, it should be carved instead of bein^ 




left flat, and nothing will do this so nicely as revolvlnfl 
drills, because fretwork is very delicate and easily brokeoj 
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and tlie preaaiire of a drill can be made as light as poesitile. 
Mnreover, with a fine-pointed drill the most delicate line's 
can be followed, such as those which indicate the elen;ant 
venation of leaves. These veins, by the by, it may be aa 
well to state, are not generally grooves on the surface, as 
they are ao often rendered by amateur carvers, hnt elevated 
ribs, being, in point of fact, minute branches containing 
Bap, which by their means and by means of the thin 
menihnme counecting them, is exposed to the action of 
the atmosphere. The leaf membrane is for the most part 
double, embracing these ciipillariea of the branches 
between the two surfaces. The circulation of the sap is 
in this way very like that of the blood in the human 
Bnbject, which is brought by the given capillaries to the 
akin and then returned to the heart to be renovated — the 
renovating power being the oxygen which it meets with 
in its passage through the lungs. But I must not stay to 
dwell here upou this detail of a most interesting subject 
The wood-carver secures first of all the main featurea of 
the subject in haod. If he has to carve a gronp of leaves, 
he will block out, in the first place, the outline of the wbole 
mass, so that he may be able at once with mallet and 
chisel to cut away all the wood outside it, which he will 
reduce to a uniform surface or neatly ao. He will then 
see what are the main portions to be similarly mapped 
out, avoidiug for the time all minor details, but always 



^p £0Y EKG/NEESS. 

Iwing OB hia gnard to leave plenty of substance, becanse 
if tW wwxi ia once cut away too mucli, it is nest to 
init'wss'ble to restore it. Of course, before he takes even 
th« tiwt step be will have carefully outlined liis work so 
fiir as it is possible to do so, but tbere are lesser details 
ift<?u the faithful representation of which the beauty of 
tiM finished work will depend which have to be cut witli 
%o other guide than the eye. 

A fast- revolving drill gives a charm to this kind of 
work, by allowing the details to be traced out as by a 
p«(icil, for each line can be followed with great rapidity 
«a well as accuracy ; altliougb, if the drill is a fixture, the 
work itself has to be moved about under it, instead of 
tba tool itself being movable, which would be the more 
uatiirftl and more convenient method. It has often struck 
the writer (and our inventive readers can work out the 
idea and make a fortune, as, of course, inventors always 
do), that a movable drill is not by any means inipossibli 
We all get our hair brushed in these days by revolving 
brushes, feeling as if bair and scalp were being carried 
oltiiin away, and the brush, while still at high speed, is 
moved about in all directions; the driving band being an 
elaatlo strap of india-rubber. Our undeveloped notion ia 
« Bimilar apparatus, bat driving a drill instead of a brush, 
which drill ie to be carried about the work as required 
while conliuuing its rapid rotation. The drill, however. 
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wonld liardly answer if to be held by the hand alone. It 
ou<,'ht to be at the end of a horizootal arm, which arm 
should have at the end a universal joint to enable it to 
move with equal fiicility in all directions. Just work it 
onf, boTB, and we don't object to going shares in the 
profits of the invention. 

Revolving cntlers are now (1877) quite the order of 
the day. The wood-planing machine, for inatanne, is bat 
B roller armed with sharp itnives, something like those 
of a lawn-moweTj which are made to revolve at tremendous 
speed, while the plank ia caused to travel underneath it; 
and wheel-cutting for clockmakers and others is per- 
formed by little circular cutters of the form of the spaces 
between the teeth, which are thus, as it were, sawn out 
with great truth and rapidity. Twist-drilla are channelled 
in a similar way,' ami also taps, and reamers, and fluted 
drills; and the slots in long shafts are drilled out while 
the tool or the work is made to traverse lengthwise. 
Revolution and rotation is now the rule, and even human 
events are often said, not without reason, to revolve in 
B circle, and thus to repeat themselves periodically. 

I dure say our buys may have noticed that on the soft 
wood-carvings done chiefly in Switzerland, but also in 
many other districts where fir and similar material is 
available, a good deal of the ground-work ia done with 
a kind of matted pattern, which has the effect of giving 
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greater relief to the amooth leaves and other sliarply oat 
work. This is not carved, bat ia merely indented by & 
panch, on the end of wliich is generally a star-like 
patteri], or other simple device, which snffices to give a 
dead surface easily and quickly produced, and sufficiently 
effective for the purpose. 

There are many devices of this kind used both on wood 
and metal, and with respect to the latter more especiallyj 
the punch, or the roller with a pattern on the outside, 
which is a perpetual punch, is largely nsed to produce 
mouldings, scrolls, and headings, which give sucli finish 
and handsome appearance to the work. The more elevated 
parts are then generally burnished and lacquered to a 
condition of great brilliancy, and the recessed parts are 
dulled by the action of an acid which partially corrodes 
the Burfiice, thus giving the contrast so necessary in all 
such works of art. The home of first-class work in metal 
is, beyond a doubt, Birmingham, but a good deal is also 
done in London, especially by those who make the various 
articles used in the decoration of churches. 

Before dismissing the subject of our carving-machint., 
I may add a few words upon carving in the ordinary way, 
because the work is one of great interest, and boys who 
are naturally fond of lathes and mechanical apparatus, 
and accustomed to carpentry, ought by no means to 
neglect it. 
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Ab b lesson, tliere is one special advantage in this art, 
whicli may be regarded as a developraeot of drawing. 
None will make good workmen bnt those who are in the 
habit of observing natural objects with close attention. 
Again and again the carver mast go to nature as his 
model aud copy. There la some special peculiarity in 
every leaf and tree-stem, and almost in every separate 
blade of grass — constant variety, and nnvariable beauty 
of oulliae as well as of surface. An aatumn leaf has 
not the form of the same leaf growing in all the vigour 
of its summer health and vitality. The beauties of early 
morning are modified by the action of the mid-day suu, 
and change their aspect without losing a particle of their 
loveliness under the softer hues of eventide. There is the 
distinct beauty of youth and of age, and the well-trained 
eye of the artist recoguiaes all these, and with brush or 
chisel, OS the case may be, gives permanent expression to 
the truths which have become impressed on his mind. 
The boy who tries his hand at carving learns to estimate 
all the natural beauties of our lovely world at a far 
higher valne than he who cares not to represent them in 
this way. The one observes where the other only sees, 
and to the first nature ofi'ers daily fresh delights which 
the other has not the soul to feel, much less to enjoy. 
Therefore, if only to open np for themselves new sources 
of pleasure of the highest kind, I would recommend every 
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boy who can handle gonge and chisel with ordinary iftlU 
to torn his attention also to the art of carvit^. For 
this, however, he mast, in the first place, learn ic< draw, 
whicli, as a tneclianical engineer, he will find a \aaiXtx of 
necpsfiity ; but, then, for ihe latter purpose, the cliiof of 
his work will be done by the aid of mathematical instru- 
nients, whereas the delineation of foliage and natnral 
ohjects will require almost exclusively Bkill in what is 
called freehand drawing. 

The amount of skill, however, in the latter, which is 
required in order to commence the work of carving, is not 
very great, inasmuch as the power of delineating nature 
by pencil and carving tool will iocrease with practice, and 
in learning to carve, the pupil will daily increase his 
knowledge of drawing. 

But what used at one time to be considered drawing 
ia very different to the art as it is now tauglit. 

There is no longer prevalent the tkoro •piece, done in s 
great measure by the master, which used to be taken 
home to show to admiring friends in the school holidava. 
Sorue impossible landscape out of perspective, and bo un- 
like any terrestrial features of ordinary landscape, that it 
wonid have stood with equal truth for a sketch of some- 
body's estate in the planet Jupiter. All this style of art 
has j;;iven place to accurate ouilines of simple objects, or 
ehaded drnwings thonghtfuUy and trurhfully carried out. 
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Many a lad who ia old days used to bring home draw- 
ing prizes, and who imagined that he could paint as well 
as draw, could Dot have accurately delineated a sprig of 
oak leaves or a simple weed ; bat now that photograjihy 
has taught ub how to represent our object with fiilelity, 
and now that Raskin aud others have etood np so man- 
fully fur truth instead of conventionalism in art, we 
have arrived at the proper kind of drawing to serve the 
purpose of the carver. We have learnt to draw simple 
outlines with the nearest attainable approach to perfect 
accuracy. 

Supposing our yonng reader to have acquired the power 
to trace on a block of wood a leaf or a group of leaves, 
he is in a position to go a step further and carve a like- 
ness of it with the proper tools. Tlieae tools have divers 
names and are sufficiently nnmerous, but practically they 
are nearly all of them gouges and chisels. The shanks of 
them, howevei', are louger than those ordinarily used by 
the carpenter or joiner, and they are varionsly beut to 
enable them to reach into corners, and to undercut where 
necessary, and, in short, to do what a straight tool could 
not. 

They are sold in sets, and are not very expensive ; and 
if the student will really set to work with dogged deter- 
mination to persevere, the result of bis labours will 
amply repay the outlay, which is more than can be said 
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for many of tbe parsaits in which amateur irorbmeB 

indulge. 

Having, as already described, blocked out the work by 
cutting to the extreme outline of the whole design, the 
next step wiH he to gauge the thickness of it, ro as to 
find I ut to what depth from the surface any given parte 
may be lowered, and this depth is to he marked upon 
the side or edge of the block. Then this part must be 
blocked out like the first, and lowered aa fiir as ueces- 
aary, the main tools as yet being a mallet and chisel or a 
mallet and gouge. But after a while, these will have 
to be laid aside, and one of tbe regular carver's tools 
taken up, and you will learn that these are exceedingly 
sharp, and must he kept ao, and that to have the left 
hand in such a position as to receive a cut if the right 
hand should slip, ia not exactly the most sensible thing 
to do, I ought, by the by, to have told you that, tlia 
work is commouly held hy the carver's screw. Tliis ia 
a short bar of irou with a conical pointed screw at one 
end, which is inserted in the under side of the block of 
wood to he carved, and it has about three inches of the 
other end screwed, and a hand-nut fitted to it. Tiiie end 
is put through a hole iu the bench, and a washer being 
slipped on it, the hnnd-nnt is screwed tight. In this way 
the wood will be very securely held, and both hands will 
be left at liberty to guide the tool. 
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The whole further operation will consiet of scooping 
out and cutting the hollowed parts and rounding the con- 
vex onea with such of the tools as seem the hest suited to 
the puipose. Tou will find the gouges all of different 
curvature, some almost as flat as chisels, others curved to 
nearly the half circle. Then you will find tools like a 
folded slip of paper, or the V-toola for cutting screws in 
soft wood, and others like ordinary chisels, hut of vary- 
ing width. There is no rule as to which is to he used 
They should all lie before you in a row, so that yon see 
at once the shapes of the cutting edges, and afier finish- 
ing what you can with auy one tool, you should always 
lay it agaiu in its own place in the row, so as to know 
in a moment where to put your hand upon it. 

The best way is to range them iu order of width, 
which will also he, geuerally speiiking, in the order of 
curvature ; the broader gouges beiug the least carved, and 
the naiTower onea more so. Order in mechanical work 
of all kinds ia most valuable in saving of time and 
trouble. 

It will have to be remembered slwaya, that, whether in 
carpentry, turning, or carving, sharp edges must be left, 
except where the nature of the design absolutely necessi- 
tates rounding them off; and wherever this is a necessity, 
the rounding must be evidently done for a set purpose. 

Hence the inexpediency of using sand or glass paper 
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to flniA irorlc to a ^mootb surface. All sbonld be c]eaB| 
«>Ut'*K')l^ "CTT Jt™" tools, which will leave such a face 
■mb IJ* prcJoced in no other way. 

Ijf « Wt of Caen stone is to be had, tliQ young carve^ 
Hjifli ewmse his powers also upon this. It is cut and 
<)*twl much in the same way as wood, bnt fiuishe^ 
m-Jiih «niper8 of various shapes ; it is very soft, easy % 
Will into any desired shape, and looks exceedingly well 
wlntn 6nifihed. This substance can be turned, and marble 
tJso; but even in the case of round pillars it is seldom 
^Mte in that way, as practical hands will round it per-* 
l^lly by hand-tools alone, 

A visit to any stone -mason's where best work is done^, 
#»[ieciftlly a visit to eccle^-iastical decorators, such as Cor. 
of London, will prove highly interesting to our yoaug, 
(tiends if they can obtain admission. There they will si 
J.^rdiin'a carving-machine actually at work, and will st 
also plenty of skilled workmen carving the most elaborately 
undercut work by hand alone, both in wood and stone, j 
including the hardest marbles and granite. Such a visit.' 
will wlion him how expeditiously, as well as skilfully, i 
woik of this kind is done by those who are well practised) 
in the art, and what exquisite work results from tba'^ 
ekilK-d manipulation of a few simple tools. They wIllJ 
probably go back to their own work with & jest sense of] 
lits inferiority ; and if they are boys of the best metal, they . 
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will be ronsed to greater diligence, and more than ever 
determine to excel, 

I would not give a farthing for a boy who would go 
baob from an inspection of such work to give up his own 
feeble attempts, and tbna confeBS himself nnable to do 
what hundreds are doing every day. Unless a lad has 
Biiirit enough to contend against difficulties, until he com- 
pels them to yield to his energies, he can never become a 
great man, and the most he will do is to crawl through life 
without doing good to his fellow-creatures, or executing 
any but the most unimportaut work that falls to the lot 
of mortals, A cat without energy would never catch a 
mouse, but she ought to have no dinner till she can per- 
form that simple feline duty. 

Although in this chapter I have passed from the 
capabilities of a home-made machine to the capabilitiea 
and actual doings of skilled workmen, I may return so far 
to the acmal subject of this volume as to say, that we 
executed carved work, of probably no great excellence, 
ourselves, besides what we accomplished with the drilling 
apparatus. Moreover, we set to work wisely, so far as 
regards copying from nature. I remember an attempt, 
not wholly unsuccessful, at a bunch of grapes with a few 
vine leaves and tendrils, which formed the base of a 
bracket- shaped stand for a clock, and was duly presented 
to our father on his birthday. Being carved in oak, we 
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had difficulties to contend with besides those resalting 
from a very insufficient stock of tools. I am afraid that 
we also found a difficulty in respect of keeping the grapes 
long enough to serve as our model until the work was 
done. Like lads, though, we managed it after a fashion 
of our own. We began the bunch at one end, and as fast 
M we roughed out a few of the berries so as to guide onr 
effortii, we forthwith ate them, so that by the time the 
last grape was cut iu wood the bnncli had wholly vanished. 
1 biu'e known an artist of maturer years carry out this 
priimilile by eating one half of a ripe peach while he 
pKiiited the other, a representation of the former not being 
required in the picture upon which he was engaged ; so 
Unit. I may conclude that old bovs and young ones have 
very similar lasfes, and are equally disiucliued to let good 
fruil he wasted, so long as it cau be made to serve the two- 
fold purpose of a model of still life and food for life that 
never ia still. 

The vine tendril and smaller branches gave us a good 
deal "f trouble, as they were carved in full relief. We 
first iliillod underneath, until we were able to insert the 
point of a small saw, and thus removed the superfluoua 
WHlcrtnl, leaving the stem or tendril standing, for a part 
of iti* length, clear of the wood beueath it. We vhen, 
pftrllv with H penknife and partly with a rat-tailed file, 
rouiuU'it off the i^art, and finished it to represent the 
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natural stem. Wlierever the latter was bo thin hs this, 
we took care to leave it snpported here and there, instead 
of cutting it quite free. This is always done in work of 
this nature. 

Accurate delineation and cleau cutting are the cliar- 
acterJBtica of good work. Glass-paper must be very 
sparingly used, as it rounds off angles and edges, which 
ought to be left sharply defined. If the cheap Swiss 
carvings, now so common, are examined, they will be fouud 
very inferior, not so much owing to any neglect of clean 
cutting, bat in having hardly any relief, and in being 
carelessly worked. Cheaply, because rapidly executed, the 
lualerial is thin and poor; it is cut out with a small saw 
into something like leafage, and the upper surface ia 
hollowed variously with a sliarp gouge, and a few offhand 
anguhir cuts are made to stand for a representation of the 
leaf veins. 80 far as they go, they are clever, and far 
cheaper than they could be made in England ; but after all 
they are deceptions, and not accurate representations of 
iiaiure, and, except for our younger readers, should not be 
taken us models worthy of being copied. Ttiey come into 
the same category as fretwork, whicli is a jaere pattern of 
nothing, useful in its way, but not such as the eye of an 
artist can dwell upon with pleasure. If our readers cau 
■visit some old churcli, or some church of our own times 
•designed by a first-class architect, and carried out by 
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wtirltraen capable of artiatic carving, they will at once 
recogoise the beauties of high-class work. They will note 
how massive it ts as a whole, and yet how delicate in 
detail. They will see also that there is no mere shallow 
suifacr-work, hut that all is in high relief, and well ander- 
cut, and yet that sufficient enpport is left everywhere to 
render the work durable, and prevent the lighter portions 
from being easily broken off. All this is characteristic of 
work done previous to the Reformation in the time of 
Henry VIII. and Elizabeth. After that date art degene- 
rated sadly. Instead of being deeply cat, carved decora- 
tions were merely superScisl, and correct representations 
of natural objects no longer occupied the attention of the 
carver. Happily, such work is again dyiog out, and there 
is a widely spreading taste for what is well called " high 
art." 

It is not, however, easy to state in so many words in 
what high art actually consists as bearing specially upon 
the subject of carving. It is not every one who recognises 
the difference between what is commonplace and what 
ie really artistic. A simple leaf may bear tiie first char- 
acter, and it may equally bear the second : and it is the 
same with a group of leaves or flowers as of other objects. 
The Alps are grand, the hills of onr own land are beauti- 
fill, the hedgebauk worthy of the artist's highest skill. 
The hand of Kature delineates and colours eiich alike 



aristically; all alike are lovely, but eacb has tliatiTictive 
beauties. A representation of tlie last maybe as high art 
as a representation of the first, a3 it is not the subject but 
tlie milliner in which it is treated which characterises the 
result. 

Tlie best way is to seek out as studies what are known 
and acknowledged to be works of real excellence, especi- 
ally the carved work to be found in churches of Enrly 
Eijglisli, Decorated, ami Eirly Perpendicular style. Get a 
taste for work of this Uiml, and you will not long be con- 
tent to carve bread-platCera and butter-dishes and book- 
racks. 

At the same time there ia no harm in working at tliese 
lesser objects to get into the way of using carving or turn- 
ing tools. They are usefiil if not artistic, and admiring 
friends will be glad to possess these specimens of your 
handiwork. But don't stoji at such as these, and don't 
be content to copy other people's work. Work out, if you 
like, a sheet of fretwork, designed at the small sum of one 
shilling, and then put the sheet in the fire, and set to 
work to design from real leafage, which Nature will pre- 
sent you with at all times free gratia, and without even a 
stamped envehipe for reply. 

Niiw, I dare say some of you young fellows are inclined 
to <mt all this prosaic stuff of mine. Ton want to get 
ahead, and to hear what other mighty works the young 
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engineers accomplished. Well, I don't care mnch 
ftliniit tliat. You can turn over, hot I hope snmetimea 
you will " hark hact," as fox-hnnters Bay, and have 
auiit.lier look at the despised pages ; for I should not 
have written them if I were not certain they are full of 
sound advice. 

You kuow the old saying, Set a thief to catch a thief, 
or make the biggest poacher in the pari.sh head-keeper, 
ht'cause old evil experiences will help him in his new 
sphere. Well, we have had our own evil experiences, too, 
in the carving line. We thought ourselves mighty clever 
with our fretwork and platters, and such-like artistic 
Bport; bat it was like poaching — it would not hear the 
truthful and pure light of day. We got entranced by 
seeing some real honest work, and at last we chucked ail 
else aside, and said to ourselves, " We will henceforth aim 
at the highest, and get as near it as we can." That is all 
I want you lads to do. (Jet a noble ambition to excel, 
and you will not long be fonnd among the slugs and 
koddidoda (as youngsters call the snails), those slimy 
cree[iiug things that leave their mark, indeed, wherever 
they go J but it is just that kind of mark which ought to 
be ohliterated as soon as possible. Soys, and men too, 
leave marks oftentimes of a very similar character, which 
we need not stay to particularise ; but yonr old friend 
would fain etir yon np to leave behind you such marks of 
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genuine nobleness, reflected in every act of life, in every 
work of brain or hand, as shall make the world acknow- 
ledge that mechanical boys are very high-class human 
machines indeed, worthy of all kindly help and encourage- 
ment; 
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N the rear of grace 1877, there are used both 
electrical lielU aod pneumatic parcels' delivery 
apparatus, and aleo, we believe, pneumatic 
bells, though not very generally. Now I do 
not suppose oar claim will be allowed if we state that we 
were the sole origiuators and inventors of both these bells, 
although we do not claim the jiarcels' delivery. But the 
fact is, we were ju>t like so many of our peculiar race. 
We talked of the possibility of doing this or that; made 
a few more or Jess eocceseful experiments, concluded that 
the idea would not work out as a practicable marketable 
invention, and so let it slip, while other more knowing 
bands made fortunes out of the very same designs. This 
is just as it should be. An inventor, if he is to reap 
pecuniary rewards, mast prove himself worthy to receive 
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tbem. He must not get into bis head eome vague idea | 
that possibly such and such things would be serviceable, 
and then fancy himself worthy of reward. He must work ] 
out each step of his invention until he has actually j 
RENDERED it serviceable. Crude ideas are all very well as I 
the seed of great results ; but if the sower of them cannot J 
cultivate the tender blade as it springs up, and cannot, I 
from want of necessary skill or knowledge, watch and i 
cherish it till ready for harvest, he has no right to expect ] 
a reward. That same seed, we must remember, can be ] 
sown by many; and it is a fact that many persons do hit \ 
upon precisely the same ideas ; but whereas one who is of 1 
a practical turn of mind wilt patiently follow it up, and I 
work it out step by step until he reduces it to a market- 
able commodity, another, with less patience or less energy, 
will leave it just where he found it, and consequently he ] 
is not to be called the inventor, although the idea occnrred 
to him first. Now it was just so with pneumatic and 
electric bells. We made both by way of experiment, but . 
as to practical use, we stopped short of it by a very long 
distance indeed. We argued, that inasmuch as batteries 
soon cease to give out their pristine power, and as the 
slightest hole or faulty connection would destroy the air- 
tight continuity of a tube, neither electric nor pneumatic ' 
bells would have a permanent advantage over the usual 
system, and we therefore never troubled ourselves any 
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more about either. We could ring a bell by either 
mode, but as to the advantage of any system, we gave 
the palm to the wire and crank, and considered the other 
two metlioda merely as byplay for the lecture - room or 

Btudy. 

But if the history of any great invention is traced from 
the cnramencement, it will be found, generally speaking, 
that what at first was a mere lecture-room experiment, 
of no apparent practical value, was but the germ of that 
which, in the hands of the manufacturer, ultimately be- 
came of vast benefit to mankind, and of great commercial 
importance. Photography had just such a beginning. 
It had been noticed that a solution of nitrate of silver 
darkened on exposure to the light, and probably the fingers 
and clothes of our young experimentalists have often 
borne testimony to this property of the salt in question. 
Tiience it became an amusement to copy leaves and other 
objects by laying them on a piece of paper saturated with 
the nitrate, and pressing the two together between two 
slips of glass, or by clamping them in a frame with a 
sheet of glass above. Exposed to the sun's rays, those 
parts of the paper unprotected by the leaf darken, and 
that immediately under the leaf remains white or nearly 
80 — the leaf allowing the light to pass but slightly through 
it, and not at all wheje the midrib and thicker parts 
exist. A copy was thus obtained which was li^ht 
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upon a dark bacTcgrotmd, btit very Boon the whole paper 
became uniformly black. To prevent this, it was disco- 
vered that a Boliition of hyposalphate of soda would so act 
on the parts which had not been afiFected by the light as 
to prevent any change taking place when light was Hub- 
Eeqiiently admitted, and thaa it became possible to fix 
the photograph and render it far more permanent. Ulti- 
mately (for I cannot stay to trace the invention through 
ita variona stages) photography became what it is now — 
one of the most useful and interesting arts of the period. 

Look, again, at the toy sold to this day, which was 
called an eeolipile — s small globe with bent, hollow arms, 
from which the stcflm of a few drops of water rushing out 
and striking the opposing air, sent the whole spinning 
round any number of times in a minute. Or, again, a 
jet of steam impinging on the vanes of a wheel gave 
rapid motion to the latter. In each case a mere iliild's 
toy was produced, yet herein lay the germ of our gigantic 
engines of perhaps a thousand horse power. 

While I am writ'"rg, another invention is in ovo, and 
we can as yet hardlj see the ultimate result. Experi- 
ments have proved that it is absolutely possible to talk 
and sing by telegraph. We have in its infancy an inatrn- 
ment called a telephone, by which sounds such as those 
of speech can be carried to a distance of many miles, 
and heard so distinctly that the tones of any friend's 
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voice e«o be recognised. Then, again — though here the 
ia&nt l»as reached a stage of larger growth — we have the 
apectroecope. It is known that a ray of sunlight passing 
thruugh a prism of glass is divided into a band of varj- 
iHisly colonred rays, which are always alike and always in 
tlie same order. Some one found that if the Bjiectruin 
(as the band is called) of burning metala or gnses ia 
taken instead of that of the fiun, the colours are differeut 
and are crossed by dark bands, but that a epectruin of 
^jBx one burning substance is always the same. From 
^^^ktre now read the various facts of sun and star light, 
^^^n>cttially can declare what gases and metals are burD- 
ing in those furnaces of the far-off luminaries ; and other 
grand facts of nature will no doubt yield up their well- 
kept secrets to the persevering inquiries of the scientific 
world. All these and simihir discoveries, which will soon 
become so familiar to us all that we shall not regard them 
as anything specially marvellous, have sprung from very 
email beginnings; and although scientific men are often 
set down by the ignorant as mere experimentalists, wast- 
ing time over nseiess if not absolutely childish pursuits, 
the world is indebted to them for the advance made year 
by year in onr civilisation and commercial prosperity. 
The nsnal course is this : The man of science discovers a 
fact not hitherto known — some peculiar law of nature or 
of some substance in the natural world. He makes ex- 
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perimeute, testing hia discovery under various conditions, 
and gradually is able with conSdence and decision to 
declare the laws wliicli govern it, and probably also to 
suggest some one or more possible nppliuations of it. 
Tlien comes the practical manufacturer with hia own pecu- 
liar knowledge, and adapts the facts already ascertiuued 
to the trade processes with which he is familiar; while in 
all probability other manufacturers recognise the possi- 
bility of the same invention becoming serviceable to them 
also; and what at first appeared likely to profit one class 
only, frequently turns out to be of universal value. 

But our boys will be asking who gets the profit ? That 
depends very much upon circumstances. The scientist is 
unfortunately not always nor generally a business man, 
and he is obliged, aa above stated, to content himself with 
the bare facts of his discovery. Very often its applications, 
or possible adaptations, do not strike him at all. He is 
taken up with the gradual development of new facts con- 
nected with it which arise as he carries out his experi- 
ments. He has not the time nor the peculiar fniiue of 
mind necessary to recognise the commercial value of what 
he baa discovered, and though he may gain honour as the 
inventor or discoverer, that honour does not generally 
carry with it much in the way of profit. It is an honour 
as empty probably as hia own purse. The manufacturer 
reaps the pecuniary reward — sometimes a very Bubstantial 
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one indeed; bat iu bo doing he in tiira opena up in all 
]irobabi!itj' new annrces of profit for otliera owing to tlie 
close connection existing between commercial industries. 

You Bee, therefore, boys, tliat it is ns well to cultivate 
-business habits as to c«rry on experiments in the dejiart- 
ment you may have selected as yoor own line of life; and 
at any rate, if yoa should make a discovery or hit upon a 
new invention, get some real friend of extensive knowledge 
in commercial matters to give you the benefit of his 
advice ; but take care he is a real trustworthy friend 
before yoa take him into confidence. In no case will you 
get all the profits, and by judicious mnuHgement yon may 
perhaps secure your proper share. 

As regards our electric and pneumatic apparuttis, we 
got no profits, simply, as I have explained already, because 
we did not carry our experiments far enough lo become 
of practical use to any one. But how far we actually weut 
I will now exjilain. 

We will begin with the electrical department ; and as I 
don't know how far my readers are acquainted with the 
mysteries of batteries, and with tlie nature, so far as 
known, of what we call electricity, it will be necessary to 
Bay a few words about it by way of introduction. 

What electricity is we do not know. It has a great 
deal in common with light and heat, and it has been 
supposed to be so far identical with these that they 
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are in reality all the same under different conditions. 
Tliey are, in fact, in a certain degree interchangeable, each 
producing the other. But after all the theories which have 
in turn been advanced and rejected about the precise 
nature of these mysterious powers, we have practically to 
deal with their effects, and, consequently, it is to these 
that our attention as practical people is chiefly directed. 

There are several modes in which we can produce 
electrical effects. If we heat a sheet of coarse brown 
paper by the fire, and rub it sharply with a piece of dry 
flannel or the coat-sleeve, we shall apparently brinj;; to a 
state of tension its inherent electricity ; and if we hold it 
in one hand, and apply to the surface the knuckles of the 
other, a sharp snap will be heard, and a spark will 
pass from the paper to the hand, after which the former 
will renew its normal condition, or, at any rate, will have 
but slight electrical properties, which will soon cease 
altogether to exhibit themselves. 

The same sheet may be excited again an indefinite 
number of times with the same result; and when thus 
excited, it will attract to itself dust or feathera, or other 
light substances near it, which it will retain, and after a 
while let drop and pick up again ; or, if held above the 
head, the hair will be similarly attracted, and stand 
literally on end, as it is supposed to do in cases of fright ; 
bnt whether it does so or not I cannot say, because I 
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never was sufficiently terrified to pnt the matter to the 
proof. 

A glass rod dried thorouglily, and rubbed with a eilk 
hand kercl lief, will also pick tip light subataiicesj and 
behave iteelf similarly to the sheet of paper; but any such 
snbatnnce picked up by the one will he repelled by the other 
if held near, showiug that though electricity is excited 
in each, it is of a different nature. This is generally 
called positive and negative electricity, but it might be 
called, I think, electricity of two poles, like magnetism, 
of which there is, at the ends of any magnetised bar, 
exactly a similar condition of the force, one end of the 
bar repelling, the other attracting, similar poles held near 
it. The north end of such a bar attracts the south, and 
repels the north end of a similar bar, and positively 
electrified substances repel positively, and attract nega- 
tively, electrified ones. There is no knowing why the 
electrical condition of a substance should be thus brought 
into a state of tension by friction, so as to render its exist- 
ence visible ; but there arises again here a strong sus- 
picion of its identity with heat, which we all know to be 
similarly excited ; and when we rub our hands together 
or strike them to produce warmth in winter, it is quite 
possible that, in the production of this warmth, we also 
produce a difference in their electrical condition. It may 
be said, perhaps, that unless we cau arrive at some cer- 
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tainty, it is of little use to tlieorise 011 tliis matter at all, 
as it is quite as likely that otir tlieory, whatever it mny 
be, will nltinifltely prove false; Imt it ia impossible to go 
on with the Btudy of any science -without theory, which 
arises aliDost of necessity as the result of experiment. 

Suppose yon had Cfime into possession of a pair of 
bnlnuced magnetic needles, such as are ased in ships' 
compasses, and your experiments had shown you that 
both of them exercised an attractive, and yet both a 
repulsive force, as you would very soon discover. You 
would, of necessity, begin to build up the theory of mag- 
netism nuder two conditiona. Yon would reason thus: 
" Here is a ]ieculiar force or power existing alike in both 
these needles, which seem to divide in the middle of 
them, for below a central line each attracts the same 
end of a similar needle, and above that line it repels 
that end and attracts the other." And you would be 
on the road to discover the poles of magnetic bars 
or needles ; you would see that the north pole of one 
attracts the south pole of another, and repels the north, 
and so in a similar way with the opposite ends ; and the 
fnrther yon carried on your experiments, the more per- 
fectly would yon find the theory establishing itself in your 
minds, of a positive and negative pole; for you would find 
that it is impossible to produce the one without at the same 
time producing the other. 
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And as soon as you had thus laid the ground-work of 
a tlieory of magnetism, you would find yonrself in a far 
better position to continue yoar investigarions and to 
caiTV on your subsequent experiments. For us, of course, 
ir, was only necessary to follow the beaten truck already 
Ifiid down by men of ecience, original research not being 
much in the way of youngsters like ourselves. We 
therefore read sufficient only of our subject to make ua 
familiar with the more generally recngiiised laws of 
electricity and magnetism, and then proceeded at once 
to put our knowledge to the test of experiment. We 
found that of the two means employed to generate 
electricity, chemical action was most used, an being 
easier in many respects to manage than friction. The 
first bells, howerer, ever made were constructed in con- 
nection with the ordinary frictional electrical machine, 
with its glass plate or cylindet and amalgamated silk 
rubber. 

The chief reason for abandoning frictional electricity as 
a source of power is the uncertainty of its action. The 
nhl cylinder or plate machine had generally to be coaxed 
and coddled before it would act at all. It was necessary 
to rub it dry before the fire, and leave it to become warm ; 
and even a little adherent dust would often suffice to 
weaken or wholly prevent its action. On a fine sharp 
frosty day the machine exhibited its full vigour. On a 
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damp foggy day, when, of course, Bome friend Bpeeially 
called to see a few experimeuts, these would utterly 
fail. 

This Bort of ivaywfirdTieBs would never do for trana- 1 
mitting telegraphic signals, or ringing-bells, or driving 
clticlts; and if no more satisfactory sonrce of electrioiry 
had been discovered, we should never have arrived at our 
present perfection in such mutters. Moreover, although 
frictional electricity would send forth a continuous stream 
of sparks, these were not exactlj' what was required. They 
might be compared to the fire of a file of musketry, being 
a succession of little explosions, which, however, could be, 
as it were, bottled up, and let off with a big bang all at 
once. 

Passing by the old story of Galvani and his wretched 
frog, there is no donbt that that vivisectionist experi- 
menter was the first to observe the electrical eff^ects 
excited by chemical action, or, as it was then supposed, by 
the contact of metals of different degrees of oxidability. 
It was eventually shown that mere contact did not sufiice, 
but that it was necessiiry for the metals to he acted im 
by some fluid which conld affect their composition and 
change their chemical condition, generally by the process 
of dissolation. It was also found to be important tliat the 
solvent used ghonld be such as would act on one metal 
nion* vij-i^ri'usly than on the other; and a common com- 
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bination was a rod of zinc and one of copper (or plates 
(■f tlieseroefals), acted on by a dilnte Bolutton of snlphtirio 
iicid and water. 

If a strip of each of these metaU are placed in a tnm- 
l)ler opposite to each other, but not in contact, and the 
tumbler be half filled with the above solution, or witli 
Btroog salt and water, very little action will be apparent 
at the surface of either metal, and none at all if the zinc 
is pure, or if it is amalgamated with mercury, by rubbing 
some over it while wet with the acid with a piece of 
cork or a bit of cotton-wool. (Don't nse the fingers, or 
you may find you have become a putieut for the family 
doctor by reason of mercurial poisoning.) But if now the 
upper ends of the metals are cormected by a copper-wire, 
or caused to touch each other directly, a quantity of 
bubbles will rise on the surface of the ziuc, and a current 
of electricity will pass, which will cease as soon as contact 
between the metals is broken. 

But I am sure my boys wili ask, " How are we to know 
whether or not a current is passing at any given time ? *' 
In a very simple way. You all know what a mariner's 
com]mss is, viz., a steel needle magnetised and suspended 
to turn freely upon a point, and this needle, if left to 
itself, will stand north and south. The ends are called 
poles, so that we have a north pole and a south pole. 
All magnetised bnrs have Hiosp twn poles, and if yon 
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bend them like a horse-shoe, tbas bringing both ends 
almost together, the poles will remain unaltered. Ton can 
malce such a needle very easily by rubbing with a 
magnet a common sewing-needle, and passing it tbroagh 
a bit of cork to form a centre. From this you can either 
suspend it by a thrend, so as to leave it free to turn, or 
yon can foat it in water ; and in each case you will find 
it arrange itself so as to stand north and south. So 
much for our compass needle. 

Now if yon set np your simple battery of zinc and 
copper, and connect the two metals with a wire reaching 
across from one to the other, and pla<!e this bo that tbe 
wire lies north and south, you are ready to test the pas- 
sage of the current. 

The moment you bring your snspended needle over or 
under the wire, round it goes, and stands east and west, 
or at right angles to its former position. If the current, 
however, is very weak, it may not quite reach this posi- 
tion, but it will turn some distance towards it. If yon 
hold the needle above the wire, it will turn in one direc- 
tion to take up its new position ; and if you hold it under- 
neath, it will turn the other way, so that you can also 
prove in which direction the current is passing, as well 
as gauge its streagth, 

A little consideration will show you how to intensify 
the effect of the cnrreot. If you coil the wire so as to 
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form ft ]lll^\\ (but you mast not let the wire touch itselt), 
and [ilace tiie needle in the loop thus foimed, the upper 
wire will act a3 stated, and the lower also, so that the 
needle is deflected with twofold power. 

This power can also be still increased to a very mnc.i 
greater extent by using what is called insulated wire, i.»„ 
wire covered with silk, cotton, gutta-percha, or other non- 
cunducting substance, and coiling it rouod and round a 
great miiiiy limes, so that instead of the current passing 
round the needle once only, it may do so several times. 

If the wire is not thus covered, and the coils touch 
each other, they will act only as a single coil, because the 
current will puss freely from one coil to another ; but with 
insulated wire it cannot escape thus laterally, but is com- 
pelled to traverse tiie whole length, whether it be an iucli 
or a thousand miles. 

It will be easily conceived that the necessity of always 
arranging the battery -wire north and south would be 
practically a drawback to ita use, and this can be avoided 
by using an astatic needle — i.e., one which, having a north 
and south pole, will nevertheless stand in any position in 
which it is placed indifferently. 

This needle is simply a compound arrangement — a com- 
bination of a pair of equally magnetised needles attached 
to a common centre, to make which the simplest way is 
to magnetise two sewing-needles, so that one may have 
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the north pole at the eye, the other at the point, and 
then to stick both in the same bit of cork, one above tlie 
other, the north pole of one just above the south pole of 
the other. If they are pretty equal in magnetic power, it 
is plain that the tendency of one to stand with the eye to 
the north is just counteracted by the other, which would 
fain take the opposite position, and thus the effect of the 
earth's magnetism is annihilated or balanced, which is 
practically the same thing in this case. Thus, if we 
make an astatic needle, and place it so that the lower one 
is inside the coil and the other above it, we get a power- 
ful combination, which, as it were, multiplies the effects 
of the current as many times as there are coils, and an 
instrument is made by which a very minute quantity of 
electricity passing along the wire is instantaneously de- 
tected. The instrument is called a galvanometer or gal- 
vanic multiplier. 

For ringing a bell, which requires a considerable amount 
of the mechanical power, the deflection of a needle by the 
electric current will not suffice, but this is the ordinary 
needle-telegraph that is seen at railway stations, post- 
offices, and other places. We shall, therefore, pass on to 
another effect of the current, but we thought it as well to 
explain first of all how we could detect such a current in 
its passage along a wire where no spark or sign is visible 
to tell of its existence. 
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If a cnrrent of electricity is sent from abattery through a 

wire insulated in the manner ah^eady described, aud coiled 
several times round a bar of soft iron, the iron will become 
a tempi^rnry magnet, and will continue to exhibit all the 
jieciiliarities of such — a north and enutb pole, for Instauce, 
and ibe power to attract iron and steel — as long us the 
current continues to flow; but the moment it is interrupted 
the msguetism of the bar will cease. 

It may be mentioned also here, that a coil of wire 
tlirough which such current is passing becomes itself 
muguetic, and if free to do bo, it will place itself north 
and south — or in the mngnetic meridian, as it is called — 
just the same as a magnetised needle. 

This property of the current was rapidly turned to 
several practical uses, and bell-ringiug at a distance was 
one of the first. It wa^ also thought to be a favourable 
power for nse in driving machinery or actuating a clock, 
which would continue to go as long aa the strength of the 
battery remained unimpaired. The bell would ring, how- 
ever, in a different manner — viz., by an interrupted cur- 
rent, as will be presently explained, the hammer striking 
as often as such interruption took place. 

It must not be supposed that a slip of zinc and one of 
copper in a tumbler would suflSce for any practical pur- 
pose, although the existence of a tolerably strong current 
is readily seen. IndeeJ, if, instead of a narroiv strip of 
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metal, BheetB of some size are nsed, and the wire cODDecting 
them is amall, the latter will be actually heated white hot 
or fused as the current passes through it. The quantity 
of electricity thus generated is indeed eaorraous, but ac- 
tion 60on grows weaker, as the dissolved zioc interferes 
with the passage of the current; and not only so, bafel 
gradually becomes deposited on the copper, thus dimi-" 
nishiug the exposed surfaces of the metals. The result ii 
that the action of this kind of battery soon ceases alto- 
gether. Before passing, nevertheless, from this class to 
the next, we must state that the power of such a combina- 
tion was vastly increased by multiplying the elements of 
which it is made — i.e., the zinc and copper plates. Sup- 
pose a row or a circle of tumblers, in each of wLich ia a 
plate of zinc and one of copper, but the zinc of one 
coupled to the copper of the next, and not to its own, by 
a copper wire soldered to the metals. The last of the 
aeries would be a solitary zinc on the one side, and an 
equally solitary copper at the other. To each of these a 
wire is soldered, and any object or arrangement intended 
to be affected by the current is placed between these two 
wires so as to complete the connection, or the wires may 
be themselves brought into contact, when a current will 
pass. This current is not great in quantity unless large 
plates are osed, but it ia of great intensity, producing 
effects which a single pair of large plates, equal in size 
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to the whole eet thus arranged, will not supply. It ia 
not easy to exphiin quantity and intensity, but the best 
examj^le of it in another substance is steam. In the 
biiiler, it is in a state of high tensioD or inteD&ity, but 
the quantity is no more than if we release it, when it will 
form a large cloud, bat though the same amount of steam 
is there, it floats idly above us. It is qaauiity which iu 
the boiler becomes intensity. The heating power of a cur- 
rent is always seen best when a large pair of plaies are 
used, or where the electric current is large iu quantity and 
the wire so Rmall that it cannot conduct it fast enough, 
the heat arising, it is supposed, from resistauce, as the 
smaller wire will fuse, while a large bar as the conduct- 
ing medium will be scarcely warmed. 

Electricity in quantity, however, without intensity, will 
not manifest other fierviceable peculiarities. It will not, 
for instance, produce chemical decompo^ilioii, such as 
dissolving water into its constituent gases, oxygen and 
hydrogen, or effect chemical changes iu other sub- 
stances, unless the different elements in those substauoes 
are hut freely held together in their natural state. We 
shall, however, probably recnr again to this action of the 
current, when we speak, as we propose to do, of electro- 
typing and electroplating. We must now return from 
our waiideriugs to the bell, the construction of which was 
and IB very simple. The battery, however, being of 
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Decessitf one needing great permanency of action, we 
mnst speak of it first, as the simple pair of plates would 
probably ceaee to act in an hoar or less. 

Professor Daoiell was the first to inquire into the 
causes of decreasing action in a galvanic battery, nnd to 
deviae a remedy. He first of all directeJ his attention to 
the escape of hydrogen gas, which rose in thousands of 
bubbles as the acid acted npon the zinc and dissolved it, 
carrying off with it in its ascent a good deal of electricity, 
but a great quantity of this gas adhered also in bubbles 
to the surface of the copper, aud the zinc being also 
dissolved and forming an oxide, the solution became 
saturated and weakened, and by and by the same oxide of 
zinc depositing npon the surface of the copper, action 
wholly ceased. The solution of the difficulty lay iu pre- 
venting, if possible, the evolution of hydrogen and forma- 
tion of the zinc oxide, or, at any rate, in preventing its 
deposition upon the copper plate. This was accomplished 
by enclosing the zinc in a porous vessel with its acid 
Bolution, and thus keeping it apart from the copper. 
The porous diaphragm may be of brown paper, sail- 
cloth, piptclay, or plaster of Paris, which last is geiierally 
nsed, or of ordinary china, in the state called biscuit, i.e., 
before it has been glazed and fally baked. Tliis inner 
vessel (for it is generally arranged so as to stand inside 
the others) may be iilled with the sulphuric acid solution, 
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or with aalt and water, murmte of ammonia, and poasibly 
Home other solutions; bnt these do not come into contact 
witli tlie copper, which is snrrounded with a solution of 
sulphate of that metal, constantly repleniehed and kept up 
to a state of saturation by crystals of the salt reslin^ on 
a shelf just level with the surface of tiie liquid. How 
tlien does this becume weakened so ae to need such fresh 
supplies of the salt? By the action of tlie rising hydrogen, 
which combines with the oxygen of the zinc oxide, and 
now reduces the copper and deposits it in a metallic state 
on the surface of the copper plate, which ia thus con- 
stantly renewed. If sulphuric acid is used as the exciting 
solution, the surface of the zinc is amalgamated as stated 
above, and then no local action takes place until the two 
metals are united by the eonuectiog wire or baud, and 
then the zinc is only dissolved very slowly indeed, while 
the electric action is steady and powerful. The copper 
deposit is of a beautiful red colour and is pure copjier. 
Thus it is evident that the action of this battery, unlike 
that of the two elements with a single solution, may be 
kept up for a very long time without any important 
diminution of power, the disturbing causes which render 
the simpler battery rapidly weaker being wholly removed. 
It is therefore called Dauiell's constant battery, and was 
the one which we always used, because it was easily and 
cheaply made, and also very convenient. 
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Generally speakiug, a Daniell cell consists of a solid 
rod of zinc, staoding; in a porous plaster tabe — the rod 
being about half to ilnee-quarter inch diameter, and the 
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porous tube an inch and a half: its size is of no great 
importance. This stands in a cylindrical copper vessel the 
game height as the porons tube and zinc rod, this outer 
vessel forming the copper element of the battery, and 
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he!iig iitioat <he size of a commoii one pound gallipot. 
}ii«h}« SB generallj- a shelf of perforated copper, and this, 
^tJfrffJli M circular, forms also a snpport to the inoer porous 
f!«^ «<)liiaiiiin^' the zinc rod. Keeping of cuurse the 
Mi*^*!*'* of this hnttery, we niatJe ours as follows, which 
ijt itit wiually efficient plan, and more easily coiiBtructed. 

Kig. 26, A is a common earthenware jam-pot, calcnlated 
Ht lu'lii a pint of solution. Inside it is a plate of copper, 
m iilmut as thick ns a sheet of ordinary pasteboard, the 
i»lvslniice beiog of no importance, because all action takes 
HIbcc upon the surface of the plate ooly. Too thin a plate 
)a, however, inconvenient, because it does not give a good 
(iipport to the conducting wire which is soldered to it, 
bnl. if it ii very thin, it will he as well to let the wire 
go qnitc down it to the bottom, and to solder the whole 
length, which will stiffen it This plate is of sach a size 
that, when bent round into a cylindrical form, it just fits 
the pnt, resting close like a lining inside it. It need not 
be soldered, hecnnse the pot in which it is placed holds 
the solution. The porous cell we made thus: We 
tonic a sheet of stiff hut not very thick brown paper, and 
coiled it to form a cylinder, which we joined with stiff 
gum- water up the side, "When dry, we cut out a round 
piece of wood in the lathe to form the bottom, which we 
pnt in place, and secured with two or three small pegs of 
hard wood. This cell was about half the diameter of the 
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outer one. To stiffen and make it of a more permanent 
character, we now painted it all over on the outside with 
plaster of Paris of the consistence of thick cream, which we 
laid on with a hog's-hair flat brush, purposclj' leaving tliia 
cout in a very rough state. "We also plastered tliG hottom 
to render the cell water-tight, "When dry, which it soon 
became, we repeated the process with a stifier coat, laid 
OD in the same way, and also ponred a little of it inside 
80 as to make a more solid hottom. When this was dry, 
we rubhed it down to reduce it to a smooth surface 
for the sake of appearance, just as we do many tilings 
equally useless, for it would have answered as well in the 
rough state. "We now had a very fair cell, very poronpi, 
and BufGciently stiff if carefully nsed to last a long time, 
but it was not much thicker even with a third finishing 
coat than stout cardboard. We finished it by drying in 
the oven. 

Our zincs we first thought of casting, but we sub- 
sequently determined to nse sheet-metal instead, as easily 
procurable with a nice smooth surface ; and we therefore 
cut it out and amalgamated it on both sides, and then 
coiled it into the form of a cylinder, as we had previously 
done with the copper, so as to line, but not press, the 
porous cell. The amalgamation of the inside of this zinc 
cylinder was solely to protect it against undue local 
action, for we had already learned that it was only the 
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outer face which was opposed to the inner face of the 
copper which hnd any effect in producing the electric 
current. Hence, also, the cast roda are as effective as 
the coiled zinc plate, and being harder m practice, oxving 
to greater steadiness ciiuseii by their weight, are generally 
used by the makers of electrical apparatus. A copper 
wire was soldered to the zinc, and to give elasticity and 
freedom in arranging cells side by side, or connectiug 
them with other apparatas, this wire was coiled roi;tid 
& rod a few times to convert it into a helix, the rod being 
afterwards removed. By this means it was an easy 
matter to lengthen or shorten these connecting wires as 
might be necessary, and there was less danger of upsetting 
pot and all in adjusting them, as not nnfreqaeutly 
happens when there is no such elasticity provided. A 
single cell tbna constructed instantly raised to a white 
heat a few inches of thin platinum wire connected to the 
ends of the copper wires by being twisted round each, 
and a bar of soft iron three or four inches long, surrounded 
by a few coils of covered copper wire (the size of bell- 
wire), became strongly magnetic when the ends of the 
coil were connected to those of the battery. We made, 
however, a set of foor of these half-pint cells, and with 
these we were able not only to sound a bell at any 
required distance, bnt to carry on an extensive course of 
experiments, including the working of a telegraph and 
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Bimple clock, which had but one fault — it did not keep 
correct time I 

Since the days of those early experimenta, a great 
many forms «i battery have been invented and put to the 
proof, hut Dauiell's, in a modified form, still bears the 
palm as an efficient and easily-constructed arrangement, 
calculated to bear the wear and tear of rough usage, and 
of which the copper element is saleable st any time at 
a good price as old metal. It is, in fact, from the very 
nature of the arrangement, absolutely improved and 
thickened by n^e, and it is only the sine element and the 
porous cell which require renewal. 

Of course, we spoilt our clothes, and made the nanal 
meseee with our acid solutions, but all was carried on in 
our workshop, where no carpets or curtains existed, so 
that we did no great harm. Here, then, at a small cost, 
we possessed a battery quite equal to our need, and 
although we subsequently took a turn at electrical work 
with other forms of battery by way of experiment, our 
bell was connected with this simple arrangement of 
Daniell's, and I shall now describe it in detail before 
proceeding to speak of other apparatus of a similat 
nature. 

First, there is a mahogany board or base, and upon it 
is fixed by a screw the horse-ehoe electro-magnet D. 
This is a bar of soft iron, round which is wound in two 
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coils a quantity of insulated copper wire covered with silk 
or sealiug-wax, varnislied for oeatoeBS, and to preserve 
it from injury. The wire, it must be nnderstood, is 
wnnnd first on one leg or side of the horse-shoe, and then 
Ciinied across and wound in the same direction roand 
llie other. The ends are left out and carried tn SS, two 
brass screws. FG is a piece of watch-spring:, on which 
at FG two small lumps of steel are soldered, or one lump 
extending over both poles of the magnet This is called 
the keeper. The spring is fixed on the top of an upright 
rod of brass or wood, K, screwed firmly to the stand. T 
IB the hell, an old clock-bell, fixed as shown, and H is the 
hammer, which does not touch it qnite even when the 
keeper is drawn down; but when this happens, the sudden 
jerk cansea the hammer to strike, owing to its being on 
the end of a spring. If, however, the keeper is genlly 
lowered with the finger till it rests on the poles of the 
magnet, the hammer is about one-sixteeuth of an inch 
off the bell. This is necessary, or the sound would not 
be a clear sharp sound, hut a dull jarring one ; and in all 
cases hammers to strike bells are so poised as to spring 
back a little after the stroke is made, and not to rest 
upon the hell. The hammers of a pianoforte also leave 
the wire the instant the note is struck. 

We have explained that the electro-magnet has no 
attractive power unless a current of electricity is passing 
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rronnd it In this case, tlie current ia prodnced by the 
battery above it; but, as Btetcbed, no current will pasii, 

because there is no connectiou between the zinc and 
copper or positive and negative poles of the battery. No 
action is therefore going on ; the soft iron is not magnetic, 
and the bell does not ring. 

Now look at the apparatus marked M. It is, like the 
other, a stout board of mahogany standing on four knobs 
or legs, which are of no special importance. Ris a roller 
of wood turniDg on pivots at each end; P, which is fixed 
to it, is a flat plate of tolerably stout brass, held up a 
little above the horizontal position by a short coiled 
Bpriog, 0. Q is another but lighter spring juat press- 
ing on P, BO aa to be in perfect contact with it, whether 
it is in the position here shown or pressed down, but it 
ia not strong enough to resist the action of the spring, O. 
N ia a cnp-shaped hollow in the mahogany board, into 
which projects the end of the wire W, inserted from 
nnderneath, and this hollow is filled with mercury — with 
which also the point of the wire is amalgamated, tlius 
ensuring perfect contact. A pointed brass wire is soldered 
into the part P, bo as to dip into the mercury when P 
is pressed down by placing the finger on the flat-headed 
screw seen above it, which is not absolutely necessary, 
as the finger might be laid directly upon P, but it gives 
a fiuisb to the apparatus, A wire from 8 ia in metalUo 
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contact with the spring Q. Let the pointed wire now be 
depressed into the mercury. The connection is st once 
established between the two poles of the battery, and ia 
also made to pass round the coils wliicli surround the 
magnet. Starting from Z, the zinc end of the battery, 
it will pa88 by N to the mercury, thence by P and the 
Bpring R to S, where it meets the end of the coil. 
Passing round this it goes to S at the left hand of the 
apparatus, and thence to the copper element of the battery, 
completing the circuit. But the moment communicatiun 
is thuri established, FG is attracted aud goes down with 
a jerk, causing H to strike the bell very sharply ; for so 
instantaneous is the action, that no measurable time 
exists between the depression of P and the stroke 
of the bell, which can be repeated as often as desired 
by depressing P and allowing it to rise again, and 
thas a succession of strokes can be made on the hell at 
pleasure. 

In order to bring all the apparatus into one picture, 
M is represented close to the other piece of apparatus, 
hiit it is not so in reality. The battery A may be, for 
instance, with the bell and its adjuncts, in the kitchen, 
■ or the battery may be in the cellar, and the hell in the 
kitchen, with a wire from one to the other. But M most 
be in the room from which the bell is to be rung— 1.&, 
in the parlour or sitting-room, as the wire connecting S 
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and Q may be of any desired length, aud also that from 
the buttery to N. Miles aud yards are all one in makinjj , 
electrical connections ; although, of course, with very long 
wires more care is necessary to prevent the damp atmos- 
phere and other onuses from affecting the completeness of 
the cirenit. When the afiparatus is required within the 
house only, insulated wire alone should be used, as it is 
not very expensive, and saves battery power; but for longer 
circuits, where it would be too costly, more battery power 
is needed to make up for waste of electricity by its escape 
into the atmosphere, or from other causes which affect 
it. In damp weather electrical apparatus never acts ho 
well as in dry weather. 

It IB evident that every time the handle of P is 
depressed one stroke will be given, so that to ring a good 
peal, P must be depressed rapidly a great many times. 
But this need not be done by making an alteration in 
the arrangement. Let the wire from the right-hand coil 
be brought to the base of the pillar K, and soldered to iL 
As the pillar is metal, and also the horizontal spring, 
both these will become parts of the circuit along which 
the current will pass. Tlie wire twisted round the pillar 
being insulated (covered with cotton, or sealing-wax, or 
gutta-percha), will not take up any part of the current 
which passes along C, and the end of it i.s attached to Q. 
Of corn-Be, as explained, the length of this wire is of no 
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iniportanoe. The end aliove K b bent over and ceata on 
the spring G ; and to make more certain the metalHc 
contact, both should be amiilgamated, but they will do 
without. The dotted wire at S leadiug to Q ia of coarse 
not. in ihis cnse osed^ and there must be no couDection 
made here. 

Let P now be depressed as before. The current will 
leave the zinc as before, pass to tlie mercury cup, thence 
along P and Q, where now there is attiicbed the end of the 
coiled wire K ; tip this coil to the horizontal spring, thence 
down the brass-pillar to the magnet, and back to the 
battery. The moment this connection is made, down goes 
the keeper, and the bell is struck ; but no sooner does 
this occur than connection is broken, because the carved 
end of the wire K no longer touches the spring, and as 
the magnetism of DD instantly ceases, up flies the 
keeper. But then connection is immediately made again 
by the horizontal spring touching the bent wire, and 
another stroke is given on the bell, and this goes on inces- 
pantly as long as the pressure of the finger on P contiuaes, 
tlie spring with the hammer oscillatiitg at a tremendous 
pace, and making such a row on the bell a*^ would awaken 
the Seven Sleepers. The board E may he screwed to a wall, 
and the whole arrangement may be considerably modified. 
In the drawing, DD should be nearer K, so that there 
may be a longer bit of the spring between J and H, to 
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give more elasticity to the hammer, or the latter may misa 
striking if the current should get weak. 

If the plan here given is to be carried out exactly for 
practical ase in a house, the board M and its fictiugd may 
be let into the wall, and the knob on P need he showu, 
which may he of cliina or ivory. A still easier apparatus 
to make would be arranged by forming P of a bit of toler- 
ably stifE clock-spring, fixed into the board at one end, 
and BO bent as to stand up a little above it at the other 
end. It would not then need the eupplemeutary springs 
Q and 0, nor the roller and its bearings. For actual 
use it would be much better thus modified. 

Possibly some of our young readers may wish to repeat 
the above experiment, and fit up one or more electric 
bells or other electric apparatus themselves ; and bo, before 
speaking of our pneumatic bell, we will add a little to the 
information already given. 

There are in these electrical machines several connections 
to be made, to complete the current as it is called. Now 
it is absolutely essential in all cases that the metallic 
contact should be perfect. A little dust getting in iit the 
places in question would be fatal, and rust and other 
causes sadly interfere with the passage of the current 
from one part to another. Whenever, then, you find 
Buch apparatus fail to work, always suspect the connec- 
tions, for here you will generally discover the cause of 
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^^^^^■■Htli {Ntl'lH^T wire and brasa are more generally i 
^^^B^H|^ itMt or atuel, and these shoald always be wetted with 
^^^r Snit^^""" ttold, uud bave a little mercury rubbed on to 
^H ^Uiw^)};:«U)K(o parts which are to come iuto contact. 
^V Vt'Wr« II steel epriug has t« be usedj it ie a common 

^iH» (o ■t.ikier a bit of platioum foil to aoy part wbicb is 
1^ (Miu a point of co'utact of this uatore, because tbis 
%WMk) \* not liable to rnst, aod is a good conductor of 
i|WUioity. When copper wire covered with silk or cotton 
W HovO to muUe a coil like DD, it should be carefully 
«.\«uuiieil to see that it is really weU covered, becaasa 
v^tMfwlHD the current will pass at the uucovered part to 
hV ii'ou, and be of no avail for the intended purpose. 
You can make a magnet with plain copper wire if yon 
llki« on your guard in this respect, thus : Wind a bit of 
«ilk or worsted or a strip of flannel or any non-conductor 
f^Ulid yciur iron bur so as to cover itj or turn a bit of 
>ltu(id like a cottou reel, witb very broad flanges at the 
«n<)>t A>i<) ^GT& it till it will slip over the iron, making 
Vliti for each limb, or wrap paper or card round it. 
"SSx^ \)\^ reels will be thi; best, because tbey will prevent 
till coils from slipping. Now coil the copper wire round, 
|tP»vinK tho ooila sufficiently open to preclude all chance 
tkf tlioii' ncoidentally touching each other at any point. 
Wrii|t lliJM round, as before, with a bit of silk or flannel, 
wind the coil buck over the first; and so on till 
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you have added aa many coils one over another as you 

wish to have. Wrap the last with a bit of green ailk, or 
Tarnish it with red sealing-wax — varnish made by dissolv- 
ing the wax in spirit of wine — and you will have a per- 
fectly efficient electro-magnet, but it will have cost a little 
more trouble to make. In every case, even when covered 
cojiper wire is used, it is better not to wrap it directly on 
the iron, but to use what I have called the big cotton 
reels, or a covering of card. The cotton reels, however, 
having broad ends, allow you to coil the wire very neatly 
on them, and when the last coil is on, and the whole 
wrapped round, and the wood varnished, the apparatus 
will preseut the neat and workm:inlike appearance so 
attractive in apparatus bought at the philosophical instru- 
ment maker's. 

Covered wire is not expensive by any means, and oau 
be bought at scores of places in Loudon and often in large 
towns ; and there is no better exercise for mind and hand 
than to make all the apparatus needed, instead of buying 
it. Merely twisting the ends of wires together, after 
taking off the cotton or silk, will form a metallic connec- 
tion between them, but it is better, in addition, to solder 
them wherever possible. 

I have said nothing yet of the cup-like hollow N filled 
with mercury. This is an old and excellent way of 
forming a connection. K the wires dipping into the 
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failure. Copper wire and brasB are more generally used 
than iron or steel, and these elioald alwnys be wetted with 
Etilphiiric acid, and have a little mercury robbed on to 
amiilgamate parts which are to come into contact. 

Where a steel spring has to be used, it is a common 
plan to Bolder a bit of platinum foil to any part which is 
to form a point of contact of this nature, because this 
metal is not liable to rust, and is a good conductor of 
electricity. When copper wire covered with silk or cotton 
is used to make a coil like DD, it should be carefully 
examined to eee that it is really well covered, because 
otherwise the current will pass at the uncovered part to 
the iron, and be of no avail for tlie intended purpose. 

You can make a magnet with plain copper wire if you 
are on your guyrd in this respect, thua : Wind a bit of 
silk or worsted or a strip of flannel or any non-conductor 
round your iron bar so as to cover it; or turn a bit of 
wood like a cotton reel, with very broad flanges at the 
ends, aud bore it till it will slip over the iron, making 
one for each limb, or wrap jiaper or card round it. 
Tlie big reels will be tlie best, because they will prevent 
the coils from shpjiiiig. Now coil the copper wire round, 
leaving the coils suflicienlly open to preclude all chance 
of tlieir accidentally touching each other at any point. 
Wnip this round, as before, with a bit of silk or flannel, 
atiil tlien wind the coil back over the first; and so on till 
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yoQ have added as many coils oue over another as you 
wish to have. Wrap the last with a bit of green silk, op 
Tarnish it with red seaiiiig-wax — varnish made by dissolv- 
ing the wax in spirit of wine — and yoa will have a per- 
fectly efficient elect ro-magnet, but it will have cost a little 
more trouble to make. In every case, even when covered 
co]iper wire is used, it is better not to wrap it directly on 
the iron, but to use what I have called the big cotton 
reels, or a covering of card. The cotton reels, however, 
having broad ends, allow yon to coil the wire very neatly 
on tbem, and when the last coil is on, and the whole 
wrapped round, and the wood varnished, the apparatus 
will present the neat and workmanlike appearance so 
attractive in apparatus bought at the philosophical instru- 
ment maker's. 

Covered wire is not expensive by any means, and can 
he bought at scores of places in Loudon and often in large 
towns; and there is no better exercise for mind and hand 
than to make all the apparatus needed, instead of buying 
it. Merely twisting the ends of wires together, after 
taking off the cotton or silk, will form a metallic connec- 
tion between them, but it is better, in addition, to solder 
them wherever possible. 

I have said nothing yet of the cup-like hollow N filled 
with mercury. This is an old and excellent way of 
forming a connection. If the wires dipping into the 
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mercury are themselves coated with that metal, nothing 
can be more perfect than the contact thus attainable. 
The experimenter should, however, ha cauticmed that the 
mercury will effectually spoi! any gold with which it 
comcB into contact, because it forma with it a very brittle 
amiilgam, Bings and chains and gold watches should 
never be worn, therefore, when mercury is to be used for 
any purpose. In my yonuger days I had no such diSi- 
cnlties to contend against, 'because I had no gold at any 
time ; hut boys are somewhat changed to what they were — 
(the more the pity), and get hold of cheap jewellery and 
cheaper cigars, and other like abominations, which take 
away the old boyish energy and manliness, and substiiute 
a priggishneSB and unnatural precociousness which is 
detestable. In old days, boys had no ambition to be 
anything else, and were rather inclined to regret the fact 
that marbles, tops, and other treasures must soon be laid 
aside for the more serious pursuits of real life. But 
nowadays boys wish to be thought men, and fancy that 
by poking nasty cigars and pipes into their lips, dangling 
a watch-chain, and wearing rings and shirt-studs and 
pins, they look like their elders. Poor fellows ! how they 
must inwardly lament the absence of whiskers and the 
deep voice of manhood, which they vainly strive to imitate. 
This book will be useless to yonng prigs like these j but 
M long ae we have a few real hearty English hoys left. 
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there vill be some worthy of oar best exertions in 

writiDg for their beoeSt, and it will give na pleasure to 
help them in all possible ways to amuse themselves pro- 
fitably during leisure hours and during their muoh-valueil 
holidays. A very extraordinary circamsiance couueciud 
with electro-mnguets must be mentioned here, as we shiill 
have to refer to it again by and by. Suppose the ends 
of the coil wrapped round the magnet to be connected 
with the battery, by any meaus that will cause the 
current to flow and to stop alternately at will (aa, for 
instance, the method adopted in the last case for pro- 
ducing a rapid succeaeiou of strokes upon the bell). 
Now suppose that a very fine covered wire is wrapped 
round over the first coil — a great length is necessary 
compared with that of the first or primary coil — and the 
ends of the secondary coil are connected witli a galvano- 
meter or compass needle as already described, so as to 
enable us to detect the passage of a current by electricity 
if such should occnr. If the ends of the first wire are 
connected immediately with the battery by being attached 
to its plates or to its terminal wires, and the ends of the 
secondary fine coil are attached to the galvanometer, the 
needle remains steady; but if contact is broken for an 
instant between tlie first coil and the battery, the needle 
is instantly deflected, but only for a moment ; and if the 
contact is then made again, it is deflected momentarily ia 
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the opposite direction, tbus proving a current of electricity 
to be passing in the second coil of fine wire. Tet observe, 
tliie secondary fine coil baa no connection whatever with 
tlie battery, and is also entirely insulated from the wire of 
llie main coil over which it is wound; no current passes 
except at the moment contact is broken or renewed 
between the battery and the primary coiL A simple way 
of causing a rapid succession of currents to pass is to 
attach one end of the battery wire to a file by twisting it 
round it at the tang, and then taking the end of the 
primary coil and running it dowa the teeth of the file. A 
stream of sparks will be produced, and the needle will osciU 
late with great rapidity, as contact is made and broken at 
everj- tooth of the file over which the wire passes. Instead 
of the galvanometer as a test of the passing current, the 
latter may be detected in another way which will afford 
very tangible proofs of its existence. The ends of 
the fine wire having had about six inches of the silk or 
cotton covering removed, are to be wrapped round two 
pieces of sponge, which should be wetted with salt and 
water, and grasped firmly one in each hand. Let some 
one now make contact with the file as before. A succes- 
sion of shocks more or less painful will pass through the 
arms and bands, the sensation being much like a repeated 
series of cramps or spasmodic contractions of the muscles, 
far from pleasant, and the worst of it is, that if the 
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carrent is a strong one there is no power to relax the 
grasp and drop the sponges. I migbt tell you boys a 
tftle of my own early freaks in electricity. Well, it was 
110 great misdeed, but only of a bit of rather cruel fun 
which I had in conj[>any with a young doctor, almost as 
much of a boy as I was myself at the time. 

The aforesaid doctor had a groom, who was also a sort 
of man-of-all-work, carrying out medicine, helping to 
pound drugs, and to hold refractory patients who objected 
to surgical 0|ierations. Tiiis man had hut one eye of any 
practical nse, for though the other was there, it was 
opaque and sightless, with a tendency to squint, which 
gave to the face a most grotesque appearance. The doc- 
tor had recently purchased a battery and coil for experi- 
menting on cases of rheumatism, and the force of the 
shock could be regulated to great nicety, from auch as a 
strong man would hardly care to try as an amusement, to 
sach as would not injure a delicate child. Such Instra- 
ments are common enough now, hat were then not gener- 
ally known, and somewhat expensive. After dining one 
day with the doctor, I began inquiring about his instru- 
ments and so forth, as I was fond of surgical matters, and 
used to find great delight in overhauling cases of instru- 
ments of torture. At last I got hold of his new galvanic 
apparatus, which he essayed to explain ; but, except a 
dog and an old Tom-cat, we could find no suitable sub- 
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ject for experiments which we graciously decliDed to try 
upon nnr own august persona. All at once we espied 
Thomas, wlio had just returned from carrying out a bas- 
ket of drugs. P"or Tliomae I Little experience bad he of 
galvanism, but I think he had a lesson on that eventful 
day. SufSce it that we got him to lay hold of the 
sponges, and we turned on tbe full power of the battery. 
He wriggled, he twisted, he fairly roared — and so did we, 
but at last the wire gave way and he was free. And now, 
boys, I must ask to be free too, for we have had a good 
many hours together over various mechanical subjects, 
and once more I must say "Adieu." Possibly I may 
address you, however, once more, end detail a few more 
of oar early experiments as 
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Messrs. G. P. PUTNAM'S SONS take pleasure in 
announcing that they have in course of publication a 
series of historical studies, intended to present in a 
graphic manner the stories of the different nations that 
have attained prominence in history. 

In the story form the current of each national life will 
be distinctly indicated, and its picturesque and noteworthy 
periods and episodes will be presented for the reader in 
their philosophical relation to each other as well as to 
universal history. 

It is the plan of the writers of the different volumes to 
enter into the real life of the peoples, and to bring them 
before the reader as they actually lived, labored, and 
struggled— as they studied and wrote, and as they amused 
themselves. In carrying out this plan, the myths, with 
which the history of all lands begins, will not be over- 
looked, though these will be carefully distinguished from 
the actual history, so far as the labors of the accepted 
historical authorities have resulted in definite conclusions. 

The subjects of the different volumes will be planned 
to cover connecting and, as far as possible, consecutive 
epochs or periods, so that the set when completed will 
present in a comprehensive narrative the chief events in 
the great Story OF THE NATIONS ; but it will, of course 
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not always prove practicable to issue the several volumes 
in their chronological order. 

The " Stories " are printed in good readable type, and 
in handsome l2mo form. They are adequately illustrated 
and furnished with maps and indexes. They are sold 
separately at a price of $ i .50 each. 

The following is a partial list of the subjects thus far 
determined upon : 

THE STORY OF 'ANCIENT EGYPT. Prof. George R A WLISSON. 
'■ "CHALDEA. Z. A. Raoozin. 
" *GilEECE. Prof. JamesA. Harbison, 

Washinglon and Lee University. 

■' ■■ •ROME. Arthur Gu.man. 

" "THE JEWS, Prof. James K. HosMEE, 

Washington Univerailyof St. Louis. 

" 'CARTHAGE. Prof. Alpbku J. Church, 

University College, London. 

■■ BYZANTIUM. 

■• 'THE GOTHS. Henry Bra oley. 

■' *THE NORMANS. Saram O. Jewbtt. 

" •PERSIA. S, G, W. Benjamin. 

" 'SPAIN. Rev. E. E. and Susan Hale, 

" " •GERMANY. .S, Bahino-Gould, 

.. THE ITALIAN REPUBLICS. 

" *HOLLAND, Prof. C. E. Thorold Rogebs. 

■■ •NORWAY. HjALMAR H. Boyesen. 

■• 'THE MOORS IN SPAIN. Stanley Lahe-Poole. 

'• ■• 'HUNGARY, Prof. A. VAmb£hy. 

" THE ITALIAN KINGDOM. W. L. Alden. 

" *MEDI/EVAL FRANCE. Prof. Gt/STAVE Masson. 

'■ 'ALEXANDER'S EMPIRE. Prof. J. P. Mahaffy. 

■' THE MANSE TOWNS. Helen Zimmerb, 

" 'ASSYRIA. Z. A. Ragozin. 

" •THE SARACENS. Arthur Oilman. 

" 'TURKEY. Stanley Lane-Poole. 

" PORTUGAL. H. Morse Stephens. 

" 'MEXICO. Susan Hale. 

■' 'IRELAND. Hon, Emily Lawless. 

" PHtENICIA. 

'• SWITZERLAND. 

'■ RUSSIA. 

" WALES. 

" SCOTL,\ND. 

" ■■ •MEDIA, BABYLON, AND PERSIA. 

Z. A. Ragozin. 

• (The VDlumca sUned are now reidy, Novcmlict. iSSi.) 

G, P, PUTNAM'S SONS 
New York London 

ig Wk6T TwENTv-THinn Strkit n V^wa William Stsbet, Stuamd 
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I. The Young Mechanic. Practical Carpentry. Con- 
taining directionc for the use of all kinds of tools, and for the 
construction of steam-engines and mechanical models, including 
the art of turning in wood and metal. By the author of " The 
Lathe and its Uses," etc. Authorized reprint from English 
edition, with corrections, etc. Illustrated, small 4to, c'oth 
extra • • $^ 75 

"A valuable book, eminently useful to beginners, and suggestive even to 
the experienced and skilful." — Albany JoumaL 

II. Amongst Machines. By the author of "The 
Young Mechanic.*' Embracing descriptions of the various me- 
chanical appliances used in the manufacture of wood, metal, 
and other substances. Profusely illustrated. 8vo, cloth %\ 75 

"A book of wondrous fascination, written in a clear, bright, pointed 
style. A volume to be commended above a dozen stories." — Boston 
Traveler, 

III. The Boy Engineers. What they did and how 

they did it. By the author of " The Young Mechanic." 8vo, 

with 30 plates, cloth extra . . . . . • $1 75 

" An eminently useful and timely book. We heartily commend this 
volume. " — National yourHal of Edtuation, 

•* A book of a class that can only be praised ; the style is simple and easy, 
but manly and thoughtful." — Literary World, 

IV. The Boy with an Idea. By Mrs. Eiloart. A 
vivid narration of the feats and freaks of a boy of an active 
turn of mind, who *' wanted to know,'* and not content with 
knowing, wanted always to do. 8vo, cloth extra, illus- 
trated ......... $1 50 

"An exceptionally attractive and wholesome book, that will fascinate all 
the bright boys, and stir up the dull ones." — Boston Journal, 

V. Learning to Draw; or. The Story of a Young 

Designer. By Viollet le Due. Translated by Virginia 

Champlin. 8vo, with 130 illustrations . . . $2 00 

A work full of practical suggestions, not only for the student of art or of 
decorative designing, but for students and teachers in other departments. 
The author's theories of the art of teaching are both original and practical. 
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